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Lockheed  reserves  all  patent,  proprietary,  design,  manufac¬ 
turing,  reproduction,  use,  and  sales  rights  tkoreto,  and  to 
any  article  disc*, used  hen  in,  except  to  the  extent  rights  are 
expressly  granted  to  others.  The  foregoing  does  not  apply  to 
vendor  proprietary  parts. 
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This  Instruction  manual  on  the  PAM-FM  Ground  Station  has  been  prepared  as  a  guide 
to  the  operation  and  maintenance  of  the  Vibration  and  G-A  Ground  Station  developed 
under  Contract  AF  04(847)-347.  It  Is  divided  into  two  volumes:  Vol.  I.  Installation; 
Checkout,  and  Operation:  Vol.  CL  Theory  of  Operation  and  Maintenance. 

Volume  I  is  published  In  two  parts.  Part  1  describes  the  Installation,  checkout,  and 
operation  procedures  for  the  trailer-mounted  station  at  Atlantic  Missile  Range 
(Patrick  Air  Force  Base).  Part  2  describes  the  installation,  checkout,  and  operation 
procedures  applicable  at  locations  where  the  ground  station  is  installed  on  a  perma¬ 
nent  or  semi-permanent  basis.  Part  2  constitutes  a  manual  of  instruction  for  a  com¬ 
plete  ground  station  with  record,  reproduce,  and  display  capabilities  for  Vibration 
and  G-A  signals.  Operators  can  use  the  instructions  that  apply  to  their  installation 

»Hp£UJuiUv5  ixii'j  ms Uu i-iOuS  that  do  not  anpty,  Thun.  If  ctp—sllitict  at  a 

specific  installation  should  change,  appropriate  instructions  for  installation,  check¬ 
out,  and  operation  will  be  available. 

Volume  n,  published  as  a  single  unit,  contains  a  description  of  the  theory  of  operation 
for  a  ground  station  having  record  and  reproduce  capabilities  for  Vibration  and  Q-A 
and  specific  information  designed  to  assist  the  operator  in  maintenance  of  the 
equipment. 

Instruction  manuals  for  operation  and  maintenance  of  components  supplied  by  manu¬ 
facturers  other  than  Lockheed  Missiles  and  Space  Division  are  also  furnished  to  each 
station . 
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Section  7 

THEORY  OF  OPERATION 


7.1  INTRODUCTION 

The  purpose  of  the  PAM-FM  Ground  Station  is  to  receive,  process,  record,  and 
present  for  on-line,  real-time  readout  PAM-FM  telemetered  information  from  a 
vehicle.  Certain  Ground  Station  installations  are  capable  of  reproducing  the  recorded 
information  for  delayed  readout  on  visual-display  equipment.  The  Ground  Station  con¬ 
sists  of  a  Receiver,  Base  Band  Unit,  Demultiplexer,  Digitizer  (Datrac),  Record  and 
Reproduce  Electronics,  a  Magnetic  Tape  Recorder,  Sample  and  Hold  Output  circuitry, 
and  in  the  case  of  Vibration  operation,  a  Visual  Display  Unit  (Vlsloorder). 

The  input  to  the  receiver  of  the  Ground  Station  la  a  PAM-FM  signal.  The  receiver 
output  is  an  amplitude- modulated  pulse  train  proportional  to  the  pulse  train  delivered 
to  the  vehicle  transmitter  by  die  vehicle  multiplexer.  This  pulse  train  is  amplified, 
band-limited,  and  delivered  to  the  Datrac  for  digitization.  Each  pulse  of  the  pulse 
train,  including  the  sync  intervals,  is  digitized  into  a  nine-bit  binary  rord  and  de¬ 
livered  to  the  Magnetic  Tape  Reoorder  for  parallel  recording  in  Non-Return- to- Zero 
(NRZ)  form.  The  pulae  train  is  also  delivered  to  the  Demultiplexer  for  separation 
into  individual  channels  corresponding  to  the  channels  of  the  vehicle  multiplexer.  The 
information  from  the  Demultiplexer  Is  used  for  real-time  readout  on  visual  display 
equipment. 

In  the  reproduce  mode  of  operation,  the  recorded  binary  words  are  delivered  to  the 
Datrac  for  conversion  to  analog  form.  This  analog  pulse  train  is  delivered  to  the 
Demultiplexer  for  separation  into  individual  channels  corresponding  to  the  ohannels  of 
the  vehicle  multiplexer.  The  information  from  the  Demultiplexer  is  then  used  for 
delayed  readout  on  visual  display  equipment.  The  Visual  Display  Unit  (Vlsioorder) 
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for  Vibration  is  included  certain  1  '«**ii«t,nnn  r>  n  n»rt  nf  the*  Ground  station. 

Visual  display  equipment  for  G-A  la  not  lncl  tded  an  a  part  of  the  Ground  Station  and 
is  not  discussed  in  this  manual.  Block  diagrams  illustrating  the  signal  flow  in  record 
and  reproduce  modes  of  operation  for  the  Vibration  and  G-A  systems  are  phown  in 
Figs.  7-1,  7-k,  7-3,  and  7-4. 

Sinoe  two  data  links.  Vibration  and  G-A,  are  included  in  this  Ground  Station  manual, 
characteristics  peculiar  to  each  are  described  briefly  in  paragraphs  7. 1. 1  and  7. 1. 2. 
The  theory  at  operation  for  Vibration  is  described  in  detail  in  paragraph  7.  and  for 
G-A  In  paragraph  7.3.  Procedural  instructions  for  maintenance  are  detailed  in 
Section  3. 


7.1.1  Vibration 

The  Vibration  data  link  is  a  PAM-  FM  communication  system  so  arranged  that  it  can 
operate  with  a  even  high-frequency  data  channels  with  a  bandwidth  of  2600  cps  each  or 
with  six  high~froqut'ncy  data  channels  with  a  bandwidth  of  2000  cps  each  and  seven 
subcommutated  data  channels  with  a  bandwidth  of  250  cps  each.  This  system  has  a 
sampling  rate  of  40,006  samples  per  second  and  a  50  percent  duty  cycle.  In  addition 
to  the  data  channels,  there  Is  a  subframe  sync  channel  and  an  alternating  frame  sync. 
This  alternating  frame  sync  channel  provides  additional  reliability  as  well  as  zero 
d&ts  Tdibraie. 


Cu«h  j1  1  Is  reserved  for  a  main  channel  sync  interval  and  a  calibrate  pulse.  These 

pulses  appear  on  alternate  frames.  Channel  B  is  subcommutated  into  eight  channels. 
Of  these  channels,  8. 1  la  the  subcommutated  sync  interval  and  Channels  8. 2  through 
8.8  at  .  ubcommutated  data  channels.  When  subcommutated  channels  are  not  used, 
Channel  8  operates  as  a  high-frequency  information  channel  without  a  sync  interval. 


With  a  basic  clock  rate  of  40  kc,  an  Information  pulse  occurs  every  25  microseconds. 
A  complete  cycle,  going  through  eight  permutations  of  the  subcommutated  channel, 
requires  1600  microseconds.  During  this  0.0016-seoond  period,  each  subcommutated 
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Fig.  7-3  <3-A  PAM -FM  Ground  Station,  Record  Mode 
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channel  will  produce  one  bit  of  information  at  a  raie  of  62:>  samples  i>er  and 

each  high-frequency  channel  will  produce  eight  b'fs  of  information  at  u  rate  of  :>t)l)() 
samples  per  second.  There  are  eight  information  pulses  tone  frame)  every  200 
microseconds.  Each  main  channel  is  equally  spaced  in  time,  and  each  sulx'ommutatcd 
channel  ia  equally  spaced  In  time. 

A  typical  Vibration  pulse  tram  (Fig,  7-5)  has  these  characteristics  with  respect  to 
Demultiplexer  input: 

■  Refe  once  level  of  0  volts  (sync  interval) 

s  Minimum  uuia  level  ot  i.o  volts  (corresponding  to  -2.5-volt  input  to 
the  vehicle  multiplexer) 

•  Calibrate  pulse  level  ol  4.  0  volts  (corresponding  to  0-volt  input  to  the 
veh  ie  1  e  muitiplexe  r ) 

•  Maximum  data  level  of  0.5  volts  (corresponding  t>  i2.5  volt  input  to 
the  vehicle  multiplexer) 

7.J.2  G-A 

The  G-A  data  link  is  a  PAM-FM  communication  system  arranged  to  have  29  channels 
with  a  bandwidth  of  200  cps  each  and  seven  channels  with  a  bandwidth  of  25  cps  each. 
Two  additional  200-cps  channels  and  an  additional  25-cps  channel  are  used  tor 
'^nchronization.  This  PAM  information  has  a  composite  sampling  rate  of  16,  00C 
samples  per  second  and  a  50-percent  duty  cycle.  B.v  the  use  of  a  subcommu fated 
channel,  the  G-A  system  handles  36  channels  of  information.  Of  these,  29  are  high- 
frequency,  or  direct  data  channels,  and  seven  are  low-frequency,  or  subco.mnutated 
data  channels. 

With  the  basic  clock  rate  of  16  kc,  an  information  pulse  occurs  every  62.5  micro¬ 
seconds.  A  complete  cycle,  going  through  the  eight  permutations  of  the  subchannel, 
requires  16,  000  microseconds.  During  this  ;.  016- second  period,  each  subcommutated 
channel  will  produce  one  bit  of  information  .  the  rate  of  62.5  samples  per  second, 
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and  each  high-frequency  channel  will  produce  eight  bits  of  information  at  a  rate  of 
500  samples  per  second.  There  are  32  information  pulses  (one  frame)  every  2000 
microseconds.  Each  main  channel  is  equally  spaced  in  time,  and  each  subcommutated 
channel  is  equally  spaced  in  time. 

The  0-  to  5-volt  data  is  superimposed  on  a  1. 5-volt  pedestal.  Thus,  the  peak  data 
amplitude  is  approximately  three-quarters  of  the  peak  PAM  signal  amplitude.  Syn¬ 
chronization  channels  have  no  pedestal,  but  appear  at  the  baseline  level. 

Channels  1  and  9  are  reserved  for  main  channel  sync  intervals.  Channel  32  la  sub¬ 
commutated  into  eight  channels.  Of  these,  Channel  32. 1  is  the  subcommutated  ryoc 
Interval  and  Channels  32. 2  through  32. 8  are  subcommutated  data  channels. 

The  composite  pulse  train  is  bond-limited  in  the  vehicle  equipment  to  35. 2  kc  by  a 
single-pole  filter  and  Is  further  band-limited  on  die  ground  (in  the  Noise  Filter)  fay 
another  single-pole  filter  with  a  cutoff  frequency  of  35. 2  kc. 

A  typical  G-A  composite  pulse  train  (Fig.  7-6)  has  these  characteristics  with  respect 
to  Demultiplexer  input: 

e  Reference  level  of  0  volts  (sync  Interval) 

e  Minimum  data  level  of  1. 5  volts  (corresponding  to  8-volt  input  to  the 
vehicle  multiplexer) 

•  Maximum  data  level  of  6. 5  volts  (corresponding  to  a  +5-volt  Input  to 
the  vehicle  multiplexer) 
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7.2  VIBRATION 

7. 2. 1  Receiver 


Input  to  the  Vibration  Ground  Station  la  received  at  a  modified  Ne me -Clarke  1412 
Telemetry  Receiver  as  a  PAM-FM  signal.  After  the  FM  signal  has  been  demodulated, 
three  signals  are  delivered  to  other  equipment  at  the  station.  A  de -coupled  PAM  sig¬ 
nal  is  delivered  to  the  Base  Band  Unit  at  an  average  level  of  approximately  +6  volts. 

A  field  strength  signal  is  delivered  directly  from  the  receiver  to  the  FM  electronics 
of  the  Magnetic  Tape  Recorder  for  recording  on  analog  track  14.  An  ac -coupled  sig¬ 
nal,  to  be  used  as  a  backup  for  the  digital  recording,  is  delivered  through  an  auxiliary 
jack  to  the  analog  electronics  of  the  Magnetic  Tape  Recorder  for  recording  on  analog 
track  11.  The  modifications  to  the  Nems-Clarke  1412  Telemetry  Receiver  provide  a 
dc -coupled  output  near  ground  potential  and  were  made  to  achieve  compatibility  with 
the  PAM-FM  Ground  Station  In  the  following  manner: 

e  To  provide  dc -coupled  and  ac -coupled  video  with  the  phase  opposite  to 
that  provided  by  the  unmodified  receiver 
e  To  provide  video  with  a  level  Independent  of  any  readily  accessible 
adjustment 


This  modification  was  accor  ipllshed  by  bypassing  the  video  amplifier  and  nleatntng  an 


output  o i gwoi  directly  from  csthodc  ©»  th?  ** 


14«1aw  /VIA  14 
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schematic  diagram  of  the  modifications  is  shown  in  Fig.  A-l.  Theory  of  operation 
and  operating  and  maintenance  procedures  are  described  in  Instruction  Manual  for 
Model  1412  Telemetry  Receiver.  Nems-Clarke,  Inc. ,  Silver  Spring,  Maryland. 


7. 2. 2  Base  Band  Unit,  Record  Mods 


The  purpose  of  the  Base  Band  Unit  is  to 

e  Amplify  the  signal  from  the  receiver  and  provide  three  separate  output 
signals,  each  of  a  different  level  and  isolated  from  one  another 
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•  Insert  correct  d-c  reference  level  Into  two  of  the  three  output  signals 


m.  limit  *W  fcmm  ImlJA  >1  llu  Bill 


.ImbaL 
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A  block  diagram  of  the  Vibration  Base  Band  Unit  in  the  record  mode  is  shown  in 
Fig.  7-7. 

The  three  output  signals  of  the  Base  Band  Unit  are  (1)  a  19-volt  peak-to-peak  signal 
for  the  Analog-to-Digltsl  Converter  (Datrac),  (2)  a  7-volt  peak-to-peak  signal  for  the 
Demultiplexer  data  gates,  and  (3)  a  15-volt  peak-to-peak  signal  for  the  Demultiplexer 
sync  circuits. 


The  19-volt  peak-to-peak  signal  for  the  Datrac  must  be  referenced  so  that  the  mini¬ 
mum  peak  la  -9.  S  volts.  The  7-volt  peak-to-peak  signal  for  the  data  gates  in  refer¬ 
enced  so  that  *aro  output  of  the  interpolation  filters  of  the  display  circuitry  corre¬ 
spond#  to  zero  data,  i.e.,  the  minimum  peak  is  approximately  -1. 5  volts.  The  15 -volt 
peak-to-peak  signal  for  the  sync  circuits  is  not  referenced  and  is  a  -c  coupled. 


Since  the  Vibration  PAM  signal  has  a  40-kc  pulse  repetition  rate,  it  must  be  considered 
a  high-speed  system.  Accuracy  requirements  approach  two  percent.  The  high  repe¬ 
tition  rate  and  accuracy  requirements  dictate  the  use  of  a  finite  memory  type  of  filter. 
Finite  memory  filters  can  be  adjusted  so  that  practically  zero  crosstalk  is  introduced 
into  the  system.  The  filter  Is  adjusted  so  that  the  output  reaches  full  amplitude  of 
the  Input  pulse  during  foe  time  of  the  pulse  and  decays  to  zero  by  the  time  the  peak 
value  of  foe  succeeding  pulse  is  reached.  The  accuracy  of  the  adjustment  determines 
the  amount  of  crosstalk  introduced  by  the  finite  memory  filter. 

Two  signals  flow  through  the  Base  Band  Unit.  One  la  foe  PAM  pulse  train,  the  other 
ia  the  d-c  reference  feedback  correction  voltage  that  is  derived  from  a  portion  of  the 
pulse  train. 
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1W  (tod  from  Am  hmIii •*,  «fc«eh  i:  approximately  1.4  volt#  p##k-to-p««k  in  im- 
pUMi,  Mtora  tbs  DC  Amplifier  where  it  ia  amplified  approximately  10  times  without 
Mag  Inverted.  This  amplifier  Is  composed  of  dirset-coupled  circuits.  A  suitable 
assess  si  srtbattlng  positive  Mas  voltage  from  tbs  receiver  is  included. 

Tbs  tsAifsk  of  tbs  DC  Amplifier,  sow  at  a  level  of  approximately  14  volts  peak-to¬ 
psail,  la  fad  into  tbs  Noise  Filter  described  above.  Here  the  slgnal-to-noise  ratio  of 
the  PAM  pair  train  is  Improved,  and  approximately  3  volts  of  negative  offset  voltage 
are  added  to  the  output  signal. 

This  signal  is  d»'  -ored  to  the  Noise  Filter  Amplifier  at  approximately  4  volts  peak- 
to-peak  because  of  attenuation  in  the  Noise  Filter.  The  signal  la  then  amplified  so 
that  tbs  Noise  Filter  Amplifier  output  to  the  Datrac  la  19  volts  peak-to-peak.  An 
adjustment  called  tbs  Overall  Cain  la  included  in  this  amplifier  to  set  the  desired 
level.  An  additional  adjustment  to  correct  the  d-c  level  to  -9  (t  0. 25)  volts  is  also 
Included  in  tbs  Noise  Filter  Amplifier.  This  signal  can  be  routed  through  the 
Reference  Voltar  rJpti  '  Cl*  nap  circuit  if  the  Demultiplexer  should  fall  to  deliver 
the  correct  d-c  reference  level  voltage. 

At  this  point  the  PAM  pul  '*  train  ia  divided  into  three  outputs.  One  output  is  the  19- 
volt  peak-to-peak  signal  .  she  Datrac,  another  is  the  15-volt  peak-to-peak  signal  to 
the  Demultiplexer  sync  circuits,  and  the  third  is  the  dc -coupled  signal  to  the  Gate 
Driver  Amplifier. 

The  Cate  Driver  Amplifier  is  used  to  attenuate  the  19-volt  peak-to-peak  signal  to  a 
7 -volt  signal  and  supply  a  ivw  source  impedance  to  drive  the  data  gates.  A  d-c  offset 
adjustment  is  Incorporated  to  adjust  the  minimum  peak  (sync  interval)  to  approxi¬ 
mately  -1. 5  volts.  Incorporated  in  the  Cate  Driver  Amplifier  is  a  relay  activated  by 
tbs  Record-Reproduce  switch  in  the  Monitor  Panel  vo  that  the  input  to  the  data  gates 
by  way  of  the  Gats  Driver  Amplifier  can  be  routed  from  the  Datrac  or  the  Noise  Filter 
Amplifier,  depending  on  the  mode  of  operation. 
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The  d-c  reference  correction  voiiage  originates  in  the  Demultiplexer  where  the 
calibrate  puiae  is  sampled  by  the  Zero  Data  Selector  and  smoothed  through  a  1-kc  low- 
pass  filler.  This  signal  is  then  delivered  to  the  Reference  Amplifier  of  the  Base  Band 
Unit  where  the  d-c  error  voltage  is  amplified  approximately  2500  times  and  delivered 
to  a  single-pole,  R-C  section,  low-pass  filter  with  a  cutoff  frequency  of  2  cps.  This 
filter  is  physically  located  in  the  Gate  Driver  Amplifier.  The  d-c  correction  voltage 
is  switched  by  a  relay  in  the  Gate  Driver  Amplifier  to  a  differential  input  of  the  DC 
Amplifier  in  the  record  mode  or  to  a  differential  input  of  the  Gate  Driver  Amplifier  in 
the  reproduce  mode. 

7. 2. 2.1  DC  Amplifier 

The  purpose  of  the  DC  Amplifier  is  to  amplify  the  incoming  PAM  signal  approximately 
10  times  and  establish  a  d-c  reference  level  of  approximately  -2  {t  2)  volts.  These 
functions  are  performed  by  using  three  dual -tr lode  (6201)  vacuum  tubes  and  their 
associated  components .  The  first  two  cathode-coupled  trlodes  (VI  and  V2)  act  as  s 
comparison  amplifier  that  amplifies  the  difference  of  the  signals  appearing  on  grids  2 
and  7  of  tube  VI.  The  third  cathode -coupled  dual  trlode  (VS)  acts  as  a  parallel  cathode 
follower  and  furnishes  a  low  output  impedance  to  the  Noise  Filter.  Zener  diodes  are 
used  to  correct  the  d-c  offset  throughout  the  amplifier.  A  schematic  diagram  of  the 
DC  Amplifier  is  shown  in  Fig.  A-2. 

Two  inputs  to  the  DC  Amplifier  are  provided.  One  Input  is  the  PAM  pulse  train  from 
the  receiver;  the  second  is  the  d-c  reference  level  from  the  second  low-pass  filter  in 
the  d-c  reference  feedback  loop. 

The  PAM  signal  from  the  receiver  is  picked  up  at  Jack  J4  at  &  level  of  approximately 
+6  volts  dc.  It  is  passed  through  Zener  coupling  diode  CR7  where  the  level  is  reduced 
to  approximately  zero  volts  dc.  This  signal  is  then  applied  to  grid  2  of  tube  VIA.  At 
the  same  time,  the  signal  input  from  the  Reference  Amplifier,  via  the  second  low-pass 
filter,  is  applied  to  grid  7  of  tube  V1B  through  a  network  composed  of  resistors  R9, 
RIO,  and  Rll. 
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in  order  to  exercise  adequate  control  over  the  d-c  offset  voltage,  It  Is  necessary  to 
mJanoe  we  plate  current  being  applied  to  VIA  lu.d  V1B,  the  first  stage  of  the 
amplifier.  This  is  acoo^Usivst)  by  moans  of  potc  .tio  meter  R2  (DC  Balance  no.  1). 
While  this  adjustment  ie  bwiiv.  mad?  at  Pi,  the  injui  from  the  Reference  Amplifier 
is  disconnected  at  jach  Jf>.  R^sv^tor  12  Is  ;»djut.  ed  ao  that  the  sync  Interval  (absence 
of  a  data  pulse)  Is  approximately  -K  C  2)  volts*  dc  aa  observed  at  test  point  TPS. 

The  output  of  V1B  la  passed  \«.  rough  an  offset  voltage  control  network  composed  of 
diodes  CR1,  CR2,  and  CHS  that  reduces  the  d-c  voltage  by  180  volts  (1  10  percent). 

The  signal  is  then  applied  to  grid  2  of  V2A.  The  cathode  of  V2A  is  coupled  to  the 
cathode  of  V2B,  which  is  next  to  receive  the  signal.  At  the  same  time,  there  appears 
on  grid  7  cf  V2B  the  signal  from  the  output  of  V3,  a  part  of  the  amplifier's  internal 
feedback  circuit. 

The  output  from  the  plate  of  V2B  is  passed  through  a  second  offset  voltage  control 
network  composed  of  diodes  CR4,  CR5,  and  CR6  which  reduces  the  d-c  voltage  by 
180  volts  (±  10  percent).  Capaoltors  C2  and  C3  are  used  to  suppress  the  high-frequency 
noise  generated  in  the  two  Zener  diode  strings  CR1,  CR2,  and  CR3;  and  CR4,  CR5, 
and  CR6. 

The  signal  la  then  applied  In  parallel  to  grids  2  and  7  of  V3A  and  V3B,  the  parallel 
cathode  follower.  The  output  of  thia  parallel  cathode  follower  Is  delivered  through 
Jack  JO  to  the  Noise  Filter.  At  the  same  time,  this  output  is  fed  back  to  the  grids  of 
V2B  and  V1B  by  means  of  the  feedback  resistors  R9,  RIO,  R1S,  and  R16.  Feedback 
resistors  R9  and  RIO  are  used  to  control  the  overall  gain  of  the  DC  Amplifier  to 
approximately  10. 

There  are  three  test  points  in  the  DC  Amplifier.  Test  point  TP1  provides  a  sampling 
point  for  the  Input  from  the  receiver  after  passing  through  the  6-volt  Zener  diode  CR7. 
Test  point  TP2  provides  a  sampling  point  for  the  input  from  the  Reference  Amplifier. 
Test  point  TPS  provides  a  sampling  point  for  the  output  of  the  amplifier.  The  input 
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from  the  receiver,  after  passing  through  the  6-volt  Zener  diode  CR7,  is  also  delivered 
to  the  Monitor  Panel  through  jack  J1  as  the  RCVR  VIDEO  DC  position  on  Switch  A  and 
Switch  B. 

A  juniper  between  jacks  J2  and  J3  is  normally  used  with  the  DC  Amplifier.  Should  an 
occasion  arise  when  operation  with  the  composite  pulse  train  from  some  source  other 
than  the  receiver  is  desired,  however,  the  jumper  could  be  removed  and  the  input 
applied  to  jack  J2,  provided  the  d-c  level  is  correct. 

7. 2. 2. 2  Noise  Filter 

The  purpose  of  the  Noise  Filter  Is  to  improve  the  aignal-to-noise  ratio  of  the  composite 
pulse  train  without  introducing  excessive  crosstalk.  It  is  composed  of  a  time  delay 
circuit,  a  summing  junction,  a  d-c  offset  adjustment  circuit,  and  an  output  circuit. 
Internal  switching  and  separate  plug-in  output  circuits  permit  use  with  both  Vibration 
and  G-A  Ground  Sint  ions.  Input  to  the  Noise  Filter  from  the  DC  Amplifier  Is  at  jack 
J7  and  its  output  to  the  Noise  Filter  Amplifier  is  at  jack  J8.  A  schematic  diagram  of 
the  Noise  Filter,  Including  circuits  used  in  both  Vibration  and  G-A  operation,  is 
shown  In  Fig.  A-3. 

With  the  SYSTEM  switch  on  the  Monitor  Panel  set  at  the  VIB  (Vibration)  position,  and 
a  Vibration  plug-in  unit  in  place,  all  Noise  Filter  components  are  in  operation.  The 
output  circuit  is  a  single,  series  L-C  section  resonant  at  the  composite  pulse  train 
pulse  repetition  frequency  of  40  kc.  The  delay  of  the  time-delay  circuit  Is  one-half  of 
the  repetition  frequency  period,  or  12. 5  microseconds.  The  filter  is  adjusted  so  that 
the  output  reaches  full  amplitude  during  the  time  of  one  pulse  and  decays  to  zero  during 
the  time  the  next  pulse  is  sampled  by  the  Datrac.  The  accuracy  of  this  adjustment 
determines  the  amount  of  crosstalk  introduced  by  the  Noise  Filter,  which  can  approach 
zero. 

The  signal  is  delivered  to  grid  3  of  a  dual  cathode  follower  composed  of  vacuum  tube 
VI  and  resistors  R9  and  RIO.  The  signal  is  also  applied  to  grid  8  of  VI  after  a 
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12.  S-mlcrosecood  delay  produced  by  delay  line  L2.  Variable  resistor  R5  of  the  di¬ 
vider  composed  of  resistors  R5  and  R6  is  used  to  control  the  amplitude  of  the  delayed 
Signal  to  oompsnsate  for  the  attenuation  of  the  undelayed  signal  Introduced  by  resis¬ 
tor*  R2  and  R3  and  by  the  series- resonant  output  circuit.  The  signals  present  at 
grids  3  and  8  are  then  summed  by  resistors  R7  and  R8  and  applied  to  the  series-reso¬ 
nant  oirotiit  oomposod  of  LI  and  the  parallel  combination  of  capacitors  Cl  and  C3. 
Capacitor  C3  is  a  amail  variable  capacitor  that  is  used  tc  tune  the  series-resonant 
oiroult  to  the  pulse  repetition  frequency.  The  output  of  the  Noise  Filter  is  the  voltage 
developed  across  capacitors  Cl  and  C3. 

D-C  offset  adjustment  is  accomplished  by  a  circuit  composed  of  tube  V2  and  associated 
components.  By  varying  the  operating  point  of  tube  V2  with  the  DC  Offset  no.  1  con¬ 
trol,  resistor  R13,  d-o  current  flowing  out  of  the  junction  of  resistors  R7  and  R8  can 
be  changed,  and  the  resulting  I-R  drop  becomes  offset  voltage.  This  adjustment  is 
made  so  that  there  is  3. 5  (  *0.  5)  volts  offset  between  jacks  J7  and  J8.  Offset 
conditions  should  always  be  checked  when  changing  from  one  system  (Vibration  or 
Q-A)  to  the  other. 

7,  2.  2. 3  Noise  Filter  Amplifier 

The  purpose  of  the  Noise  Filter  Amplifier  is  to  amplify  the  signal  delivered  by  the 
Noise  Filter  so  that  the  peak-to-peak  voltage  with  full  modulation  is  19  ( *  1 )  volts. 

The  signal  level  must  be  suoh  that  the  sync  level  (absence  of  data  pulse)  is  -9.  5 
(±0.  26 )  volts.  These  functions  are  performed  by  using  two  dual-triode  (6201) 
vacuum  tubes  and  one  dual-triode  (6463)  vacuum  tube,  and  their  associated  components. 
The  first  two  cathode-coupled  triodes  (VI  and  V2)  act  as  a  comparison  amplifier  that 
amplifies  the  difference  of  the  signals  appearing  on  grids  2  and  7  of  VI.  The  third 
cathode-coupled  triode  (V3)  sots  as  a  parallel  cathode  follower  and  furnishes  a  low 
output  impedance.  Zener  diodes  are  used  to  correct  the  d-c  offset  throughout  the 
amplifier.  A  schematic  diagram  of  the  Noise  Filter  Amplifier  Is  shown  in  Fig.  A-4. 
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The  signal  Is  delivered  to  the  Noise  Filter  Amplifier  at  Jack  J9  and  applied  to  grid 
2  of  VI.  At  the  same  time,  the  signal  appears  at  grid  7  of  VI  as  feedback  from  cathode 
follower  V3.  Plate  current  to  VI  is  balanced  by  means  of  DC  Balance  no.  2.  In  order 
to  make  this  adjustment,  it  is  necessary  to  dioconnect  the  input  signal  at  Jack  J9.  Test 
point  TP8  should  go  to  ground  potential  when  the  adjustment  is  properly  made. 

The  output  of  plate  6  of  tube  VI  is  delivered  to  grid  2  of  V2,  the  second  cathode-coupled 
dual  triode,  through  an  offset  voltage  control  network  composed  of  diodes  CR1,  CR2, 
and  CR3  which  reduces  the  d-c  voltage  by  180  volts  (-10  percent).  Cathode  2  of  V2 
is  coupled  to  cathode  8,  which  is  next  to  receive  the  signal.  At  the  same  time,  the 
signal  from  the  output  of  V3,  a  part  of  the  amplifier  feedback  circuit,  appears  on  grid 
7  of  V2. 


The  output  from  plate  6  of  V2  is  passed  through  a  second  ofiset  voltage  control  network 
composed  of  diodes  CR4,  CR5,  and  CR3  which  reduces  tba  d-c  voltage  by  180  volts 
(  -  10  percent).  Capacitors  Cl  and  C2  are  used  to  suppre?  s  the  high-frequency  noise 
generated  in  the  two  Zener  diode  strings. 


The  signal  Is  then  applied  to  grid  3  of  cathode  follower  V3.  The  output  of  this  half  of 
V3  appears  Oil  caunxie  2.  This  Output  is  delivered  to  gnu  7  of  V2  and  grid  7  of  Vi 
through  resistors  R7,  R8,  R9,  and  R13,  which  act  as  voltage  dividers  of  a  feedback 
circuit  within  the  Noise  Filter  Amplifier.  This  output  is  also  coupled  to  jacks  Jll  and 
J12.  At  the  same  time,  a  part  of  this  output  is  delivered  to  grid  8  of  V3  through  reals' 
tor  R17  and  variable  resistor  R18.  The  output  of  this  half  of  V3  appears  on  cathode  7 
and  is  ac-coupled  to  the  Sync  Separator  in  the  Demultiplexer  through  jack  J10, 
Capacitor  C4  acts  as  a  blocking  capacitor  to  prevent  high  voltage  from  entering  the 
Demultiplexer. 


There  are  two  adjusting  points  in  this  circuit  in  addition  to  DC  Balance  no.  2,  which 
was  described  earlier.  Beth  of  these  points,  resistors  R8  and  R18,  are  adjusted  with 
the  input  from  the  Noise  Filter  connected  to  jack  J9.  Resistor  R8  (Overall  Gain)  is 
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set  so  that  the  peak-to-peak  voltage  with  Ml  modulation  i»  19  (±1 )  volts  at  test  point 
TF3.  H  is  advisable  to  recheck  the  adjustment  of  DC  Balance  no.  2  after  resistor  R8 
is  adjusted  to  assure  that  ground  potential  Is  present  without  signal  Input.  Variable 
resistor  R18  (a-c  gain)  is  adjusted  so  that  the  peak-to-peak  voltage  with  full  modula¬ 
tion  la  15  2)  volts  at  test  point  TP7. 

The  output  at  jack  Jll  is  connected  to  the  Reference  Voltage  Optional  Clamp  where  a 
switch  either  delivers  the  signal  directly  to  the  Datrac  and  Gate  Driver  Amplifier  or 
clamps  it  to  a  d-c  reference  voltage  before  delivery  to  the  Datrac  and  Gate  Driver 
Amplifier. 

There  are  three  test  points  in  the  Noise  Filter  Amplifier.  Test  point  TP6  furnishes 
a  sampling  point  for  the  input  from  the  Noise  Filter;  test  point  TP7  furnishes  a  sam¬ 
pling  point  to  the  a-c  video  output  to  the  Demultiplexer;  and  test  point  TPS  furnishes 
a  sampling  point  to  the  d-c  video  output  to  the  Roference  Voltage  Optional  Clamp. 

The  Noise  FiLter  Amplifier  has  three  outputs.  One  output  is  delivered  to  the  d-c 
coupled  Anaiog-to-Dlgltal  Converter.  The  signal  1b  also  fed  ac-coupled  to  the  sync 
circuits  in  the  Demultiplexer.  Peak-to-peak  amplitude  of  this  output  is  15  (*2)  volts. 
The  third  output,  which  is  identical  to  the  output  going  to  the  Datraq,is  delivered  to 
the  Gate  Driver  Amplifier. 

7.  2.  2.  4  Reference  Voltage  Optional  Clamp 

A  Reference  Voltage  Optional  Clamp  circuit  is  included  in  all  Vibration  and  G-A  Ground 
Stations  with  record  capabilities.  The  purpose  of  the  clamp  is  to  increase  the  relia¬ 
bility  of  the  station  in  the  record  mode  by  allowing  the  operator  an  optional  method  of 
restoring  the  correct  d-c  record  level  in  case  the  main  d-c  correction  circuit  fails. 

A  schematic  diagram  of  the  clamp  is  shown  in  Fig.  A-5. 


7-20 


LOCKHEED  AIRCRAFT  CORPORATION 


MISSILES  ond  SPACE  DIVISION 


LM8D- 288025 


The  clamp  circuit  is  contained  In  a  2-3/4  in.  by  2  in.  box  that  is  mounted  an  top  of  the 
case  containing  the  Reference  Amplifier  in  the  Base  Band  Unit.  The  •  witch  positions 
on  the  clamp  box  are  labeled  CLAMP  and  SERVO.  When  the  switch  is  in  the  SERVO 
position,  the  clamp  is  eliminated  from  the  circuit,  and  the  reference  level  is  furnished 
by  the  d-c  correction  circuit.  When  the  switch  is  in  the  CLAMP  position,  the  d-c  cor¬ 
rection  circuit  is  eliminated  and  the  clamp  furnishes  the  appropriate  d-c  correction 
level. 

The  clamp  level  is  fixed  at  -9  <*0.  S)  volts  by  an  SV-9  Zener  diode.  In  order  that  the 
d-c  record  levels  remain  approximately  the  same  for  the  CLAMP  or  SERVO  positions, 
the  main  d-c  correction  circuit  must  be  set  up  to  match  the  clamp  level. 

7.  2.  2.  5  Gate  Driver  Amplifier 

The  Gate  Driver  Amplifier  furnishes  a  gain  factor  of  approximately  0.  33  and  a  d-c 
voltage  offset  so  that  a  zero  signal  at  the  vehicle  multiplexer  results  in  a  zero  signal 
at  the  output  of  the  Demultiplexer.  This  unit  delivers  the  signal  to  the  Demultiplexer. 

This  amplifier  is  made  up  of  a  comparison  amplifier,  a  positive  peak  limiter,  a  cathode 
follower,  an  offset  control,  and  an  output  clipper.  To  facilitate  switching  between  the 
record  and  reproduce  modes  of  operation,  the  Reference  Amplifier  low-pass  filter  is 
included  as  a  part  of  the  Gate  Driver  Amplifier.  A  schematic  diagram  of  this  circuit 
is  shown  in  Fig.  A-6. 

In  the  record  mode  of  operation,  the  Noise  Filter  Amplifier  furnishes  the  input  to  the 
Gate  Driver  Amplifier,  hi  the  reproduce  made  of  operation,  the  Datrac  furnishes  the 
input  to  the  Gate  Driver  Amplifer.  The  input  Blgnal  appears  at  jack  J13  or  J14,  de¬ 
pending  on  the  mode  of  operation,  and  is  delivered  to  grid  2  of  VI  (a  dual-triode 
vacuum  tube.  €201,  which  acts  as  a  cathode-coupled  comparison  amplifier)  through 
resistors  Rl,  R2,  and  R3  which  serve  as  a  voltage  divider  and  attenuator.  The  output 
of  plate  6  of  VI  is  passed  through  diode  CR1  for  offset  voltage  control,  causing  the 
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voitigi  to  drop  180  volt*  ( *  10  poreont ).  Capacitor  C8  suppresses  the  high-frecruenoy 
notes  generated  by  diode  CHI.  Ths  slgaal  ia  than  passed  through  the  positive  peak 
Uniter,  composed  of  variable  resistor  R1S  (limiter  Mas),  diode  CR2,  and  oopooltor 
C4,  and  is  dsitvered  in  paraUel  to  grids  S  and  8  of  cathode  follower  V2,  a  riuai-triode 
(8809)  vowmm  tubs.  The  output  of  V2  (cathodes  2  and  ?)  is  passed  through  a  voltage 
offset  adjustment  network  composed  of  diodes  CR3,  CF4,  and  resistor  H18  (DC  Offset 
no.  2).  The  signal  is  then  deUvered  to  jack  J17  through  an  output  dipper  composed  of 
diodes  CB5  and  CR7.  This  dipper  prevents  the  output  to  jack  J17  from  going  beyond 
+10  or  -8. 6  volts. 

Also  induded  in  the  Gate  Driver  Amplifier  is  the  second  low-pass  filter  for  the  d-c 
reference  feedback  loop*  This  filter  consist*  of  resistor  R4  and  capacitors  Cl  and  C2. 
The  input  to  the  filter  is  from  the  Reference  Amplifier.  In  the  record  mode  of  operation, 
the  filter  output  ia  delivered  to  the  differential  input  of  the  DC  Amplifier.  In  the  repro¬ 
duce  mode  of  operation  the  DC  Amplifier  la  not  used  and  the  filter  output  it,  delivered 
to  the  differential  input  (grid  7  of  VI)  of  the  Gate  Driver  Amplifier  through  resistors 
Rll  and  R14.  This  unit  filters  out  unwanted  frequencies  and  prevents  hunting. 

7.  2.  2.  8  Reference  Amplifier 

The  Reference  Amplifier  has  a  variable  gain  from  10  to  2500  to  amplify  the  d-c  cor¬ 
rection  voltage.  A  gain  of  2500  is  normally  used  during  operation  of  the  Ground  Station 
in  the  Vibration  mode.  The  outpu  is  delivered  first  to  the  second  low-pass  filter  con¬ 
tained  in  the  Gate  Driver  Amplifier  and  then  to  the  differential  input  of  the  DC  Amplifier 
in  the  record  mode  at  operation,  or  to  the  Gate  Driver  Amplifier  in  the  reproduce  mode 
of  operation. 

The  circuitry  of  this  amplifier  is  described  in  detail  in  the  Handbook  of  Operating  and 
Maintenance  Instructions.  A-12  DC  Amplifier,  supplied  with  the  Ground  Station.  A 
schematic  diagram  of  the  amplifier  is  shown  in  Fig,  A-7. 
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The  input  to  the  Reference  Amplifier  is  of  a  differential  type  with  respect  to  fround 
in  order  to  reduce  ground  loop  problems.  This  Input  from  the  1-kc  Filter  card  In  the 
Demultiplexer  appears  at  Jack  J28  at  approximately  0  volte  (within  a  few  millivolt  a) 
when  the  feedback  loop  Is  closed.  If  Instability  of  the  video  base  line  is  noted,  the 
gain  should  be  reduced  until  stability  Is  achieved.  This  instability  will  be  noted  at  test 
point  TP11  In  the  Gate  Driver  Amplifier.  Random  noise  may  be  present,  but  it  is 
filtered  out  by  the  second  low-pass  filter  in  the  Gate  Driver  Amplifier.  The  output  at 
jack  J23  should  be  C  (*5)  volts  and  must  never  exceed  *10  volts  as  this  level  would 
represent  loss  of  operation  of  the  d-c  reference  feedbaok  loop.  Although  no  demage 
to  equipment  would  result  with  the  output  approaching  these  limits  of  *10  volts,  data 
recovery  accuracy  of  the  Ground  Station  would  suffer  appreciably. 

7.  2. 3  Demultiplexer,  Record  Mode 

A  functional  diagram  of  the  Vibration  Demultiplexer  in  the  record  mode  of  operation  is 
shown  In  Fig.  7-8.  The  three  principal  functions  of  the  Demultiplexer  are:  (1)  to 
separate  the  data  sync  pulse  from  the  composite  data  signal  for  use  as  a  dock  pulse 
lor  the  Demultiplexer  and  Analog-to-Digital  Converter  (Datrac)  and  to  generate  frame 
sync  pulses  from  the  composite  data  signal;  (2)  to  open  and  close  the  analog  gates  in 
sequential  fashion  in  order  to  separate  the  composite  data  signal  into  separate  outputs; 
and  (3)  to  Bample  the  calibrate  pulse  that  appears  on  Channel  1  alternately  with  the 
sync  pulse  and  send  it  through  a  low-pass  filter  as  a  d-c  correction  voltage  to  the 
Base  Band  Unit. 

Since  the  Ground  Station  is  slaved  to  the  vehicle  dock,  a  dock  signal  must  be  recov¬ 
ered  from  the  composite  pulse  train.  This  is  done  in  the  data  sync  generator  where 
a  pulse  is  generated  for  every  data  pulse  and  sync  interval  in  the  PAM  pulse  train. 

The  phasing  can  be  controlled  to  give  the  appropriate  time  relation  between  the  clock 
signal  thus  generated  and  the  analog  data  pulses  from  the  Base  Band  Unit. 

One  output  of  the  data  sync  generator  is  used  to  drive  the  blr  iy  countdown  that  pro- 
dvies  the  square-wave  signals  used  for  "ANDing"  purposes  In  the  matrices.  The 
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outputs  of  the  matrices  are  the  keying  signals  for  the  analog  data  gates  which  receive 
their  Input  In  the  form  of  the  PAM  analog  pulse  trail  from  the  Gate  Driver  Amplifier 
in  the  Base  Band  Unit.  These  sequential  keying  signals  to  the  analog  data  gates  are 
on  separate  lines  and  are  connected  to  the  appropriate  analog  data  gates  which  open 
and  close  In  correspondence  with  the  keying  signals.  The  "on”  time  of  any  one  high- 
frequency  data  gate  Is  the  clock  period,  or  25  microseconds.  The  "off*  time  is  one 
frame  minus  the  clock  period,  or  175  microseconds.  The  "on"  time  for  a  subcom¬ 
mutated  data  gate  is  die  same  as  the  "on"  for  a  high-frequency  data  gate,  or  25  micro¬ 
seconds.  The  "off'  time  of  the  subcommutated  data  gate  is  eight  frames  minus  one 
clock  period,  or  1575  microseconds. 

To  keep  the  Demultiplexer  in  synchronization  with  the  PAM  pulse  train  (that  is,  to 
open  the  appropriate  analog  data  gate  when  each  channel  of  the  PAM  pulse  train  is 
delivered  from  the  Base  Band  Unit),  a  frame  synchronization  pulse  is  used.  Frame 
synchronization  pulses  are  generated  in  the  frame  sync  generator  which  produces  a 
pulse  whenever  a  pulse  is  missing  in  the  PAM  pulse  train.  To  ensure  that  this  pulse 
is  a  valid  sync  pulBe  and  not  a  stray  pulse  as  might  be  generated  in  the  presence  of 
r-f  noise  interference  or  a  faulty  multiplexer,  a  certain  amount  of  logic  is  incorporated 
into  the  circuitry. 

True  frame  sync  occurs  on  Channel  1  alternately  with  a  calibrate  pulse.  Therefore, 
the  train  of  potential  sync  pulses  is  delayed  exactly  eight  channels  by  means  of  an 
eight-bit  shift  register  and  compared  in  a  logic  gate  with  the  potential  frame  sync 
pulses  being  generated  by  the  frame  sync  generator.  This  will  produce  a  frame  sync 
pulse  output  only  when  the  potential  frame  sync  pulse  appears  on  alternate  frames. 

Once  apparent  frame  sync  has  been  established,  it  is  fed  into  a  pate  which  opens  to 
receive  a  sync  pulse  only  when  one  is  expected  as  determined  t>  the  high-frequency 
binary  countdown  and  matrix.  When  the  sync  pulse  arrives,  it  oloses  the  gate  and 
blocks  any  spurious  pulses.  If  the  sync  pulse  does  not  arrive  as  expected,  the  sync 
gate  remains  open  until  sync  Is  again  established.  This  circuit  performs  the  function 
of  blocking  periodic  and  nonperiodic  false  sync  pulses  as  well  as  the  subcommutated 
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Ryuc  polMi  whioh  vpMn  M  a  nonperiodic  syno  pula*  to  the  high-frequency  binary 


>i  addition,  a  Mboommutated  synchronisation  pulse  is  needed  to  oontrol  the  subcom- 
mutated  binary  oowtdovn  and  matrix.  This  pulae  ia  derived  by  sampling  the  output 
at  the  frame  sync  generator  only  during  Channel-8  time  by  way  of  a  keyed  gate  that  is 
controlled  by  the  high-frequency  binary  countdown  and  matrix.  The  output  of  the  keyed 
gate  la  delivered  to  a  aub commutated  sync  gate  which  opera t  a  in  the  same  fashion  as 
the  high-frequency  gate  except  that  it  ia  controlled  by  the  subcommutated  countdown 
and  matrix. 

The  two  signals  appearing  at  the  output  of  the  high-frequency  and  subcommutated  sync 
gates  are  delivered  to  the  Digital  Record  Electronics  for  recording  on  a  single  digital 
trade.  These  signals  are  combined  onto  one  line  by  means  of  an  OR  gate. 

7. 2. 3. 1  Data  Sync  Separator 

The  purpose  of  the  Data  Sync  Separator  ia  to  extract  the  data  sync  or  clock  information 
from  the  composite  pulse  train  (a-c  video).  The  Data  Sync  Separator  is  composed  of 
the  following  circuits:  damp  and  clipper,  band-pass  filter,  pulse  shaper ;  clipper 
amplifiers,  one-shot,  emitter  follower,  and  blocking  oscillator.  A  schematic  diagram 
of  the  Data  Sync  Separator  is  shown  in  Fig.  A- 8. 

Clock  output  occurs  in  the  form  of  a  square  wave  or  pulse;  data  sync  is  in  the  form  of 
s  pulse  only,  dock  information  is  in  time  pn&se  with  data  Bync  information.  Data 
aync  output  ia  actually  clock  information  which  haa  been  delayed  so  that  keying  pulses 
for  die  data  gates  occur  at  a  time  when  interchannel  crosstalk  is  at  a  minimum,  rhe 
Q  of  the  band-pass  filter  Is  such  that  clock  and  data  sync  outputs  are  present  when  as 
many  as  approximately  30  consecutive  data  pulses  are  missing.  Operation  of  the 
Data  Sync  Separator  ceases  whenever  more  than  approximately  30  consecutive  data 
pulses  are  missing. 
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The  composite  pulse  train  Input  (a-c  video)  from  the  Noise  Filter  Amplifier  appears 
at  pin  J.  It  then  enters  the  damp  and  clipper  circuit,  which  Is  oomposed  of  diodes 
CR3  and  CR4,  transistors  Q3  and  Q6,  and  associated  components.  This  circuit  re¬ 
stores  the  d-c  level  to  the  a-c  video  and  clips  below  minimum  data  level.  Resistor 
R13  Is  adjusted  so  that  positive  peak  clipping  oocurs  at  1. 5  (*0.  2)  volts.  Test 
point  TP1  -  the  Junction  of  diode  CR4  and  resistor  R13  -  should  be  observed  when  this 
adjustment  is  being  made. 

The  output  from  the  clamp  and  clipper  circuit  passes  through  the  emitter  follower 
composed  of  transistor  Q€  and  resistor  R19,  Into  the  band-pass  filter.  This  band¬ 
pass  filter  Is  a  ringing,  oscillator-type  circuit  In  which  the  resonant  frequency  is  that 
of  the  sampling  rate  of  the  composite  pulse  train.  The  output  level  control  of  the  clamp- 
and-clipper  circuit,  resistor  R19,  Is  adjusted  so  that  the  peak-to-peak  amplitude  of  the 
output  sine  wave  at  the  Junction  of  capacitor  C14  and  diode  CR7  Is  15  ( *  1 )  volts.  Fine 
tuning  of  the  tank  circuit  is  made  by  adjusting  capacitor  C13A. 

The  signal  Is  coupled  Into  the  pulse  shaping  network  through  capacitor  C14.  Transis¬ 
tors  Q14  and  Q17,  diode  CR7,  and  associated  components  act  as  a  dual  emitter  follower 
and  clamp  circuit.  Its  output  is  fed  into  the  clipper  circuit  composed  of  diodes  CR9  and 
CR10,  transistor  Q19,  associated  components.  SLlicoo  diodes  OR9  and  CR10  chancre 
the  sine  wave  from  the  dual  emitter  follower  into  an  approximately  square  wave. 

This  square  wave  Is  coupled  into  the  clipper  amplifiers  through  the  emitter  follower 
composed  of  transistor  Q19  and  resistor  R52.  There  are  two  saturating-type  amplifier 
stages  and  two  emitter  follower  stages  In  the  clipper  amplifier  circuitry.  The  two 
amplifiers  are  transistors  Q2  and  Q7  with  their  associated  components;  the  two  emitter 
follower  stages  are  transistors  Q5  and  Q9  with  their  associated  components.  The  signal 
is  amplified  but  not  inverted,  and  the  output  is  fed  into  four  succeeding  emitter  followers 
in  parallel.  Output  of  the  clipper  amplifiers,  which  is  now  a  square  wave,  passes  through 
the  emitter  follower  composed  of  transistor  Q8  and  associated  components  to  pin  3 1  and 
through  the  emitter  follower  transistor  composed  of  transistor  Q10  and  associated 
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■PBH  WMrtt  to  pte  R  .  These  two  clipper  amplifier  outputs  are  then  delivered  as  clock 
ftyttl*  ««VM  to  tfa#  Right- Bit  Shift  Register  at  pin  M  and  to  the  Frame  Sync  Separator 
#9tl  A.  Output  of  the  dipper  amplifiers  is  also  fed  to  the  one-shot  through  the 
— fttwr  follower  oompoeed  of  transistor  Q12  and  assodated  components.  Positive- 
going  portions  of  the  square  wave  trigger  the  one-shot,  which  is  composed  of  transistors 
Q1S  snd  Qlg  and  thslr  aasociatsd  component  a.  The  variable  delay  of  4  to  25  micro¬ 
second#  is  adjusted  fay  resistor  R39  In  such  a  manner  that  the  data  gates  are  keyed  when 
minimum  Interchannel  eroaataik  occurs.  The  one-shot  output  (monitored  at  the  junction 
of  oapsottor  Ctl  and  resistor  R51)  is  s  series  of  positive  pulses.  These  pulses  fire  a 
blocking  oscillator  composed  of  transistors  Q18  and  Q16,  transformer  Tl,  and  associated 
components.  The  output  of  the  blocking  oscillator  consists  of  data  sync  pulses  which  are 
fed  to  the  Pulse  Sequencer  and  Frequency  Divider  at  pin  b.  Finally,  the  output  from  the 
clipper  amplifiers  passes  through  an  emitter  follower  oompoeed  of  transistor  Q1  and  Its 
assodated  components;  e  differentiating  circuit  composed  of  capacitor  C4t  diode  CK2,  and 
resistor  R8;  and  an  emitter  follower  composed  of  translator  Q4  and  associated  com¬ 
ponents  to  pin  T  for  delivery  as  a  series  of  positive  clock  pulses  to  the  Data  Sync 
Delay  Record. 

7,  2.  3.  2  Frame  Sync  Separator 

The  Frame  Syno  Separator  produces  a  pulse  whenever  a  data  pulse  Is  absent  in  the 
composite  pulse  train.  This  unit  is  adjusted  so  that  whenever  the  level  of  a  data  pulse 
falls  below  s  0.  5-volt  level  with  reference  to  the  base  line,  a  pulse  is  produced.  The 
unit  Is  made  up  of  the  following  functioning  circuits:  d-c  restorer,  positive  peak 
dipper,  adder,  decision  level  inverting  amplifier,  one-shot,  and  three  blocking  oscil¬ 
lators.  A  schematic  diagram  appears  in  Fig.  A-9. 

The  composite  pulse  train  (a-c  video)  input  is  delivered  to  pin  J  .  It  is  then  clamped 
to  a  few  tenths  of  a  volt,  positive  d-c,  by  means  of  the  d-o  restorer  composed  of 
capacitors  C2  and  C4,  diode  CR2,  diode  CR11,  and  resistor  R3. 
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The  signal  is  then  delivered  to  the  poaillve  peak  dipper  set  to  clip  below  minimum 
ita  level,  which  is  approximately  +2  volts  as  monitored  at  test  point  TPl.  This 
dipper  la  composed  of  transistor  Ql,  diode  CR3,  and  associated  components.  The 
dipping  level  is  adjusted  by  varying  resistor  R8. 

The  cloak  square  wave  from  the  Data  Sync  Separator  appears  at  pin  R.  It  is  delivered 
to  the  clock  blocking  oscillator  composed  of  transistors  Q6  and  Q7,  transformer  Tl, 
and  associated  components.  The  output  of  thlo  blocking  oscillator  is  delivered  to 
pin  S  as  reset  pulses  to  the  Eight -Bit  Shift  Register.  It  also  Is  delivered  to  the  one- 
si  ot  composed  of  transistors  Q8  and  Q9  and  associated  components.  This  multivibrator 
introduces  a  variable  time  delay  from  4  to  2S  mioroseoonds.  The  time  delay  is  set  by 
adjusting  resistor  R26.  The  output  is  delivered  as  dock  pulses  to  a  delayed  blocking 
oscillator  composed  oi  transistors  Q10  and  QI1,  transformer  T3,  and  associated  com¬ 
ponents. 

The  output  of  this  blocking  oscillator  is  delivered  to  the  adder  composed  of  resistor 
RIO.  This  adder  oomblnes  the  dipped  composite  pulse  train  and  delayed  data  sync. 
Resistor  R26  in  the  one- shot  circuit  is  adjusted  so  that  the  negative-going  blocking 
oscillator  pulses  are  centered  on  the  data  pulses  as  they  are  monitored  at  test  point 
TP2. 

The  output  of  the  adder  is  delivered  to  the  decision  level  Inverting  amplifier  composed 
of  transistors  Q2  and  Q3,  diode  CRS,  and  associated  components.  This  amplifier 
selects  the  blocking  oscillator  pulses  which  coincide  with  the  absence  of  data  pulses 
and  provides  a  positive-going  pulse  to  fire  the  output  blocking  oscillator  oomposed  of 
transistors  Q4  and  QS,  transformer  T2,  and  associated  components. 

The  output  blocking  osoillator  provides  sync  pulses  which  are  delivered  to  the  Eight- 
Bit  Shift  Register  and  the  Sync  Selector  at  pin  P,  Resistor  Rio  is  adjust*  so  that 
the  blocking  oscillator  fires  reliably  whenever  a  data  pulse  is  absent  but  will  not  fire 
under  any  other  conditions.  A  good  setting  of  RIO  would  be  halfway  between  {!)  the 


7-29 


LOCKHEED  AIRCRAFT  CORPORATION 


MISSILES  ond  SPACE  DIVISION 


LMSD-  288026 


setting  that  jiut  begins  to  fir*  the  output  hlocklng  oscillator  at  dock  rate,  and  (2) 
the  setting  that  just  atop*  firing  the  output  blocking  oscillator  at  data  pulse  absence 
rat*.  Tfeta  setting  oan  be  monitored  at  pins  J  and  P. 

7.1  $.8  Right-Bit  Shift  Rsglstsr 

Th*  purpoaa  of  the  Eight-Bit  Shift  Register  la  to  store  data  pulse  absence  or  sync  pulse 
Information  for  eight  clock  periods  (of  time)  and  present  to  a  succeeding  AND  gate  direct 
sync  pulse  outputs  and  stored  sync  pulse  outputs. 

This  unit  Is  composed  of  a  series  string  of  nine  delay-coupled  flip-flops,  four  output 
emitter  followers,  and  a  clock  driver.  The  schematic  diagram  is  shown  in  Fig.  A- 10. 

The  first  flip-flop  acts  as  a  buffer  stage  for  the  succeeding  eight  units  in  the  shift 
register.  It  stores  the  sync  pulses  until  the  dock  shiftB  this  Information  Into  the  first 
storage  flip-flop. 

Three  Inputs  are  provided:  Reset  (clock)  pulses  from  the  Frame  Sync  Separator  appear 
at  pin  S;  sync  pulses  from  the  Frame  Sync  Separator  appear  at  pin  ?;  And  the  clock 
square  wave  from  the  Data  Sync  Separator  appears  at  pin  ML 

The  reset  pulse  on  pin  S  pinse*  through  diode  CRl  and  saturates  transistor  Qi.  v  lien 
a  sync  pulse  Is  present  at  pin  P,  current  passes  through  diode  CR2  causing  transis  >r 
Q2  to  saturate  and  the  collector  of  transistor  Ql  to  go  tc  high  potential.  This  allow, 
capacitor  C5  to  charge  through  RIO  because  diode  CR7  is  back-biased  when  translate  r 
Q2  of  the  dock  driver  is  cut  off  with  a  negative  clock  pulse.  When  transistor  Q2  is 
saturated  with  a  positive  dock  puise,  diodes  CR7  and  CR£  conduct  because  of  the  pre¬ 
vious  charge  on  capacitor  C5.  This  current  flowing  through  diode  CR8  cuts  off  transis¬ 
tor  Q4  and  saturates  transistor  QS,  thus  setting  up  the  first  storage  flip-flop. 


\ 
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In  a  like  manner,  tbo  absence  of  a  sym  pulse  will  cause  the  first  storage  stage  to  be 
set  up  in  the  opposite  way  with  transistor  Q5  cut  off  and  transistor  Q4  saturated.  This 
process  continues  through  succeeding  stages  until  the  last  stage  is  reached. 

Two  outputs  are  provided  by  the  output  emitter  followers.  The  stored  sync  pulses  are 
delivered  to  pin  U  for  transfer  to  the  Programmer,  while  the  direct  sync  pulses  are 
delivered  to  pin  K  for  transfer  to  the  Programmer. 

7.  2,  3. 4  Programmer 

The  purpose  of  the  Programmer  is  to  <1)  provide  a  keying  pulse  to  the  sync  gate  every 
other  frame  at  the  Channel  1  position  and  (2)  provide  the  ANIdng  logic  associated  with 
the  Eight-Bit  Shift  Register.  The  Programmer  is  composed  of  an  AND  gate  and  a 
flip-flop.  A  schematic  diagram  is  shown  in  Fig.  A-ll. 

Inputs  to  the  AND  gate  (pins  K  and  U)  are  provided  by  the  Eight-Bit  Shift  Register. 
Input  at  pin  K  corresponds  to  the  absence  of  a  data  pulse,  and  input  at  pin  U  corre¬ 
sponds  to  the  presence  of  a  data  pulse  delayed  for  eight  bits  of  time.  Diodes  CR1 
and  CR2  and  the  emitter  follower  composed  of  transistor  01  and  resistor  R1  provide 
a  pulse  upon  the  time-coincidence  of  input  i  at  K  and  U. 

The  flip-flop,  which  is  composed  of  transistors  Q2  and  Q3  and  associated  components, 
is  triggered  by  the  Channel  1  keying  pulse  from  the  data  gate.  This  pulse  appears  at 
pin  d  .  The  flip-flop  output,  which  is  coupled  through  the  emitter  follower  composed 
of  transistor  Q4  and  resistor  R12,  constitutes  a  keying  pulse  to  the  sync  gate  end  is 
delivered  to  pin  a  . 

7.  2.  3.  5  Sync  Selector 

The  purpose  of  the  Sync  Selector  is  to  combine  sync  pulses  for  rocording  purposes  in 
such  a  manner  that  only  sync  gate  and  keyed  gate  circuitry  need  be  used  to  produce 
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both  main  und  subconunutated  frame  sync  while  In  the  reproduce  mode,  A  schematic 
diagram  of  the  Sync  Selector  is  shewn  in  Fig.  A- 12. 

There  are  two  inputs  to  the  Sync  Selector.  Sync  pulses  from  the  Eight-Bit  Shift  Register 
AND  gate  appear  or  pin  Z.  Sync  pulses  from  the  Frame  Sync  Separator  appear  on  pin 
P , 

S/no  pulses  entering  at  pin  P  paas  through  an  emitter  follower  composed  of  transistor 
Ql  and  resistors  R2  ai  d  R4.  These  pulses  then  enter  the  gate  circuit,  composed  of 
vransistors  Q3,  Q4,  aocl  05  and  asaoclated  components,  at  the  emitter  of  transistor  Q4. 
Series  switch  Q4  shunt  switch  Q5  are  keyed  by  a  pulse  amplifier  composed  of  transis¬ 
tor  Q3  and  resistors  R3  and  &7.  This  pulse  amplifier  is  operated  by  aubcommutaled 
keying  pu»*es,  wide!'  appear  on  pin  K  in  such  a  manner  that  the  presence  of  a  keying 
pulse  opens  the  gate  and  the  abs&nce  of  a  keying  pulse  closes  the  gate.  Output  pulses 
hom  the  gate  are  passed  through  the  emitter  follower  composed  of  transistor  Q7  and 
resistor  Rl£  for  delivery  to  yin  d  as  the  subcommutated  sync  pulse  to  the  sync  gate. 
Output  pulses  from  the  gate  arc  alec-  passed  through  the  emitter  follower  composed  of 
translator  Q6  and  resistor  Rll  and  are  coupled  through  capacitor  C4  for  delivery  to 
the  blocking  oscillator  the*  is  composed  of  transistors  Q8  and  Q9,  transformer  Tl,  and 
associated  components. 

3yr<c  pul  also  enter  at  pin  Z  and  pass  through  an  emitter  follower  composed  of 
transit,  or  Q2  end  resistor  R6  and  are  then  coupled  through  capacitor  C3  for  delivery 
to  the  blocking  oscillator. 

The  blocking  oscillator  is  fired  by  current  pulses  from  either  capacitor  C3  or  capacitor 
C4.  Tne  positive  output  pulses  of  the  blocking  oscillator  are  delivered  to  pin  f  as 
composite  frame  sync  for  the  Digital  Record  Electronics. 


7-32 


LOCKHEED  AIRCRAFT  CORPORATION 


MISSILES  and  SPACS  DIVISION 


LMSD-288028 


7.  2.  S.  6  Sync  Gate 

The  purpose  of  the  Sync  Gktte  la  to  permit  frame  eync  poise*  to  ha  generated  only 
Booh  pulses  are  anticipated.  Syne  pulses  which  are  not  true  sync  pulses  are  seas 
produced  by  preceding  rync  separation  circuits  because  of  r-f  iaterferwoe.  The 
If  a  pulse  can  be  supplied  to  arrive  at  a  time  when  frame  sync  is  eapected  sad  thh 
pulse  keys  a  gate  that  follows  tbs  frame  syne  logic  circuitry,  the  ofcsaoe  ei  pswdi 
false  frame  sync  is  gr  eatly  reduced.  The  Sync  Gate  is  mads  up  of  two  owe  rhstr. 
blocking  oscillators,  a  flip-flop,  a  dual  emitter  follower,  and  a  gate.  Urn  ssfeem 
diagram  for  the  Sync  Gate  ts  shewn  In  Fig.  A- 12. 

There  are  two  Inputs  to  the  Sync  Gate.  Keying  pulses  are  delivered  to  pis  a .  JQ 
pulses  are  delivered  to  pin  Z  .  Frame  syne  output  Is  os  pte  f . 

The  keying  pulse  from  pin  a  resets  the  flip-flop  so— gsasit  «f  If— stators  <p  and  f 
and  Associated  components  so  that  the  output  ow  the  enuHter  Mlemr  eeopuaed  of 
transistor  Q1  and  resistor  R2  (TP2)  turns  on  the  gats  coiupnaid  of  timdstw  QM 
resistors  R36  and  R37. 


The  anticipated  sync  pulse  appears  on  pin  Z.  K  Is  s  poattivs  pdas  and  ts  ttfMtktU 
by  capacitor  Cl,  diode  CR1,  and  resistor  R1  so  that  the  positive- pdag  portico  of  tfei 
pulse  triggers  the  one  shot  compowu  o£  iraunowi  $2  ana  Qt  sad  rxracl  start  ssm~ 
ponents.  This  one-shot  fires  blocking  oscillator  thk  1,  composed  of  translator*  9* 
and  Q7,  transformer  Tl,  and  associated  eomponduUi,  at  a  time  several  mlornwe  nulls 
after  the  initial  generation  of  the  aync  pulse  in  the  Frame  Sync  gspsralor.  The  reeaee 
for  this  delay  la  that  aync  pul  sea  generated  In  the  Frame  Sync  Separator  are  appreod- 
mately  in  time  phase  with  the  data  sync  and  that  resetting  of  the  pulse  sequencers  by 
the  output  of  the  Sync  Gate  (pin  f)  must  occur  slightly  after  triggering  by  the  data  syno. 
This  delay  can  be  varied  between  4  and  25  microseconds  by  adjusting  resistor  US,  but 
the  delay  Is  usually  of  the  order  of  3  (  *  1 )  microseconds. 
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A*  PMittri  going  net  put  pul  ess  of  Moolrtng  oscillator  no.  1  are  delivered  to  tha  dual 
easftiear  ftritawnr  tMpoari  of  tmiWori  Q9  and  Qll  and  iNoeWad  components.  Hh 
*dpl  ltd  af  i»  *wl  wttttr  Mtowr  ti  mu  d  Ud  point  TP1,  and  la  adjusted  by 
dBMhhCf  ihHlMft  jraatotaa  m  to  IQ  (^2.8)  volte pcah-io-paafc. 

•»  pl»«MVMai  af  tnaddtr  Q1S  and  raalatora  BSfl  and  R87,  which  waa  opened  by 
fltoa—tonaf  tha  ihp  thg  yami  a  poatdn  pulse  that  fires  Nooklng  oscillator  no.  2 
sssapMKd  af  tramdators  4gU  ad  Q14,  transformer  T2,  and  aaaociatad  components. 


S  to  delivered  to  pin  f  aa 
QtandQtOand  aaaociatad 
to  Inara  that  tha 

ha  adftatad 
after  the 


franc  ayao  and  to  one- 
oomponeuta.  Oca-shot 
will  peas  anticipated 
ao  that  tha  flip-flop 
of  a  frame  sync 


to  a  pin  add  ah  to  hayed  "on"  by  t)  arrival  of  a  pulao  which 
id  pa  pin.  It  la  hayed  "off  If  the  anticipated  aync  pulse 
t*.  M  no  aatlolpatad  ayao  pulse  arrives,  the  Sync  Gate  re¬ 
nt  syne  pulse  arrives. 


«i  >a^  ^  ttMSUMM 

The  Zero  Data  fidectar  eeleote  the  pedeatal  levels  from  the  oonpoette  pulse  train  which 
eentetas  alternating  pedeatal  levels  and  eyne  levels  on  Channel  1.  The  pedeatal  levels 
are  fed  to  the  first  low-peas  filter  la  the  DC  reference  feedback  loop.  A  schematic 
diagram  of  the  Zero  Date  Selector  la  shown  In  Fig.  A- 14. 

Channel  1  keying  pulses  from  the  Data  Gate  enter  on  pin  d  into  an  emitter  follower 
composed  of  transistor  Q1  and  resistor  B4.  It  la  ooupled  through  capacitor  C4  to  the 
trigger  input  of  the  flip-flop  oompoeed  of  diodes  CR1,  CR2,  and  CR3j  transistors  Q2 
and  Q3t  and  associated  components. 
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The  main  frame  ayno  from  the  Sync  Gate  enters  on  pin  f  and  resets  the  flip-flop  sc 
that  the  output  at  the  emitter  follower  composed  of  transistor  Q4  and  resistor  R21  Is 
positive  only  when  pedestal  pulses  appear  in  the  pulse  train.  The  output  of  this  emitter 
follower  Is  "ANDed”  with  the  output  of  the  emitter  follower  composed  of  transistor  Q1 
and  resistor  R4  by  means  of  an  AND  gate  composed  of  diode  CR4  and  resistor  HI  7.  The 
output  of  this  AND  gate  turns  transistor  Q7  an  only  during  alternate  frames.  The  out¬ 
put  at  the  collector  of  transistor  Q7  keys  the  keyed  gate  composed  of  transistors  Q6 
and  Q6  and  associated  components.  The  keyed  gate  permits  only  alternate  Channel  1 
data  (pedestal  pulses)  to  be  applied  to  the  d-c  reference  feedback  loop.  The  output  of 
this  keyed  gate  is  delivered  to  pin  V  . 

7.  2.  3. 8  Frequency  Divider 

The  purpose  of  the  Frequency  Divider  is  to  divide  the  repetition  rate,  or  frequency, 
of  pulses  by  factors  of  two,  four,  or  eight.  Reset  and  set  Inputs  are  available  for  each 
of  the  three  cascaded  flip-flops,  or  binary  counters,  so  that  outputs  can  be  phased  in 
any  desired  manner.  A  schematic  diagram  of  the  Frequency  Divider  Is  shown  in 
Fig.  A-15. 

When  It  is  desired  to  operate  pulse  sequencers  at  rates  below  that  of  clock,  a  frequency 
divider  is  Inserted  between  the  source  of  clock  pulses  and  s  low- speed  pulse  sequencer. 
As  the  low-speed  sequencers  must  sequence  at  certain  times,  reset  pulses  must  be 
properly  applied  to  the  flip-flops  In  use.  In  the  Vibration  operation,  the  frequency  is 
divided  by  eight. 

All  three  flip-flop  stages  and  associated  output  emitter  followers  In  the  Frequency 
Divider  are  similar.  As  shown  In  the  schematic  diagram,  data  sync  pulses  are  de¬ 
livered  as  trigger  pulses  for  the  Frequency  Divider  at  pin  b  .  Set  and  reset  pulses 
are  furnished  for  each  of  the  three  flip-flops.  Output  in  the  form  of  trigger  pulses 
for  the  subcommutated  pulse  sequencer  are  delivered  to  pin  P. 
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7.  2. 3.  •  light  Channel  Pulse  Sequencer 

Tha  purpose  of  tha  Eight  Channel  Pula*  Sequencer  la  to  provide  eight  channels  of  pulses 
In  time  eequenoe.  Seven  flip- flops  and  eight  AND  gates  are  arranged  to  accomplish 
thia  purpose.  A  schematic  diagram  of  the  Eight  Channel  Pulse  Sequencer  la  shown  In 
Fig.  A-18. 

The  output  pulses  of  the  pulse  sequencer  are  used  to  key  data  gates.  The  trigger  pulses 
determine  the  irate  at  which  the  output  pulses  advance.  The  reset  pulses  determine  the 
phase  of  the  output  pulses  In  relation  to  the  no.  1  output  pulse. 

The  AND  gates  are  driven  by  flip-flop  outputs,  which  are  Isolated  by  individual  emitter- 
follower  stages. 

7.  2. 3. 10  Data  Gates 

The  purpose  of  the  Data  Gates  la  to  provide  eight  data  gates  which  are  keyed  by  the  out¬ 
puts  of  a  series  of  AND  gates.  These  AND  gates  are  In  turn  keyed  by  pulses  from  pulse 
sequencers.  The  Data  Gates  unit  is  made  up  of  12  emitter  followers,  eight  AND  gates, 
and  eight  data  gates.  A  schematic  diagram  of  this  unit  Is  shown  in  Fig.  A- 17. 

For  any  one  of  the  AND  gates  to  produce  an  output  pulse,  two  coincident  input  pulses 
must  be  present.  For  example,  to  produce  an  output  from  AND  gate  3,  input  pulses 
must  be  i  resent  at  pins  ]  and  V;  for  an  AND  gate  2  output,  Input  pulses  must  be 
present  at  pins  ]  and  X  . 

All  AND  gates  are  composed  of  a  single  diode  and  a  single  resistor  and  possess  two 
inputs  and  one  output.  The  signal  level  appearing  on  Pin  J  Is  applied  to  one  input  of 
AND  gates  1  through  4  through  an  emitter  follower  composed  of  transistor  Q2  and 
resistor  R3.  The  signal  level  appearing  on  pin  M  is  applied  to  one  input  of  AND  gates 
S  through  8  through  an  emitter  follower  composed  of  translator  Q7  and  resistor  R9. 
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The  other  input  to  AND  gates  1  through  8  is  supplied  from  app  opri&te  pins  and 
emitter  followers.  Outputs  of  AND  gates  1  and  8  are  ooupled  through  emitter  follow¬ 
ers  to  pins  d  and  K  ,  respectively,  as  keying  pulse  outputs.  These  outputs  key 
individual  data  gates  1  through  8. 

All  data  gates  are  identical.  Each  data  gate  is  composed  of  an  inverting  pulse  ampli¬ 
fier.  a  shunt  translator  switch,  and  a  series  transistor  switch.  Data  gate  1  will  serve 
as  an  example  of  circuit  operation. 

AND  gate  1  output  pulse  rises  and  falls  between  -IS  and  -5  volts.  When  the  voltage 
Is  greater  than  approximately  -10  volts,  transistor  Q21  is  turned  on.  The  collector 
of  this  translator,  which  serves  as  an  lnvsrtlng  pulse  amplifier,  drops  to  approximate¬ 
ly  -10  volts.  This  voltage  turns  off  transistor  Q29  and  turns  an  transistor  Q13.  Tran¬ 
sistor  Q29  is  the  shunt  switch  and  Q13  la  the  series  switch.  When  the  output  from  the 
AND  gate  drops  below  approximately  -10  volts,  transistor  Q13  turns  off  and  turns  on 
Q29. 

Whenever  an  output  from  an  AND  gate  appears,  the  data  gate  will  open  and  d-c  video 
from  the  Gate  Driver  Amplifier  will  appear.  Whenever  there  is  no  AND  gate  output, 
the  data  gat.«  output  will  present  a  short  circuit  with  respect  to  ground. 

The  gated  Outputs  from  data  gates  1  through  8  are  delivered  to  appropriate  pins  for 
delivery  to  display  electronics. 

7.  2,  3, 11  Data  Sync  Delay  Record 

The  Data  Sync  Delay  Record  circuit  delays  the  clock  pulses  so  that  sampling  In  the 
Datrac  occurs  at  a  time  when  crosstalk  Is  at  n  minuroum.  At  this  time,  the  Data 
Sync  Delay  Record  delivers  a  command  pulse  to  the  Datrac.  A  schematic  diagram 
of  this  unit  is  shown  In  Fig.  A-18. 
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Tilts  otrouit  is  oonpcsed  of  s  one-shot  which  provides  variable  delay,  s  blocking 
oeclllatar,  sad  an  smittsr  follower. 

Tbs  input  of  positive  clock  pulses  from  the  Date  Sync  Separator  is  at  pin  a  .  The 
pulses  are  delivered  through  an  emitter  follower,  compose!  of  transistor  Q1  and  re¬ 
sistor  R-\  to  die  one-shot, composed  of  transistors  Q2  ai.d  Q3  and  associated  compo¬ 
nent,  where  a  suitable  delay  is  added  to  the  clock  Information.  Delays  from  4  to  25 
microseconds  are  obtained  by  adjusting  resistor  R5.  The  output  of  the  one-shot  is 
coupled  through  capacitor  C8  to  the  blocking  oscillator  composed  of  transistors  Q4  and 
Q5,  transformer  Tl,  and  associated  components. 

Positive  command  pulses  to  the  Digital- to- Analog  Converter  leave  the  blocking  oscil¬ 
lator  at  pin  N  . 

7. 2. 4  Output  Filters  and  Amplifiers 

The  purpose  of  the  Output  Filters  and  Amplifiers  (Fig.  7-9)  is  to  take  the  demultiplexed 
series  of  pulses  and  smooth  them  out  in  such  a  fashion  that  the  output  can  be  reproduced 
continuously  and  proportional  to  the  signals  applied  to  the  vehicle  multiplexer. 

Three  Filter  Boards  (2  kc,  1  kc,  and  250  cps)  srs  p? evince*  to  interpolate  the  data 
pulses  from  the  main  and  subcommutated  data  gates .  A  schematic  diagram  of  a  Filter 
Board  is  shown  in  Fig.  A-19.  The  filters  have  a  cutoff  frequency  of  approximately 
0. 4  times  the  pulse  repetition  rate  per  channel.  This  results  in  a  2-kc  cutoff  frequency 
for  the  high-frequency  channels  and  a  250-cps  cutoff  frequency  for  the  eubcommutated 
channels.  The  filters  pass  all  frequencies  in  the  range  of  0-2000  epe  corresponding  to 
the  modulation  frequencies  and  attenuate  all  higher  frequencies,  including  the  sampling 
frequency,  at  least  40  db.  The  filters  used  with  the  subcommutated  channels  pass  all 
frequencies  in  the  range  of  0-250  cps  corresponding  to  the  modulation  frequencies  and 
attenuate  all  higher  frequencies,  including  the  sampling  frequency,  at  least  40  db.  The 
filters  are  connected  by  way  of  a  patch  panel  to  the  output  amplifiers  which  are  capable 
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of  delivering  100  mm  *o  &e  galvanometers  of  the  Visual  Display  Ufrit  (Visicorder)  or  to 

an  external  load. 

Characteristic  impedance  of  both  types  of  Filters  is  10K,  and  two  outputs  per  filter  are 
provided,  one  being  one-eighth  the  amplitude  of  the  other,  so  that  display  circuit  gains 
do  not  require  adjustment  when  the  duty  factors  are  changed,  as  in  the  case  of  switch¬ 
ing  from  main  to  subcommutated  channels. 

In  addition  to  the  250-cpe  and  2-kc  filters  that  are  used  only  for  interpolation,  1-kc 
filters  are  used  In  the  d-c  reference  servo  loop.  Here,  -  a  1-kc  cutoff  frequency  ade¬ 
quately  filters  the  2. 5-kc  fundamental  frequency  component  of  the  sampled  input  with¬ 
out  causing  Instability  in  the  servo  loop.  The  Output  Filters  and  Amplifiers  perform 
the  same  function  and  operate  in  the  same  manner  in  both  the  record  and  reproduce 
modes  of  station  operation. 

7. 2. 5  Visual  Display  Unit 

The  Visual  Display  Unit  (Vlslcorder)  reproduces  the  outputs  of  the  Oitput  Filters  and 
Amplifiers  in  oscillograph  form  and  thus  furnishes  a  simultaneous  time  history  of  the 
seven  Information  channels  of  the  Demultiplexer  output.  Adjustments  on  the  Patch 
Panel  allow  the  operator  to  select  any  or  all  of  the  channels  of  information  for  display 
on  the  Visicorder. 

The  theory  of  operation  and  maintenance  procedures  for  the  Visicorder  are  described 
in  detail  In  a  publication  of  the  Heiland  Division  of  Minneapolis-Honeywell  titled 
Operation  Manual  —  Honeywell  Model  906B  Visicorder  Oscillograph.  Publ.  No.  850320, 
Denver,  Colorado,  Sep  195£, 

7.  2. 6  Analog- to -Digital  Converter 

The  Anaiog-to-  Digital  Converter  (Datrac)  converts  every  pulse  of  the  PAM  composite 
pulse  train  into  a  nine-bit  digital  word. 
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Included  in  the  Analog- to- Digital  Converter  la  a  sample  and  hold  circuit  that  samples 
the  peak  value  of  every  pulse  and  holds  it  for  digitisation.  This  circuit,  which  is  con¬ 
trolled  by  the  data  sync  pulse  from  the  Demultiplexer,  is  turned  on  for  approximately 
2  microseconds  by  the  data  sync  pulse  and  holds  for  approximately  23  microseconds. 
After  a  short  stabilising  interval,  the  converter  operates  at  a  rate  of  2  microseconds 
per  bit  and  converts  the  sample  and  hold  signal  into  a  nine-bit  digital  word  in  18  micro¬ 
seconds.  These  nine  bits  are  temporarily  stored  and  applied  to  the  Digital  Record 
Electronics. 

The  theory  of  operation  and  maintenance  procedures  for  the  Datrac  are  described  in 
detail  in  the  instruction  manual  Datrac  Analog- to- Digital  Converter  published  by 
Epsco,  Inc. ,  Boston,  Mass.  Mddlficatlons  made  in  the  Datrac  are  dee  ibed  in  this 
manual.  Schematic  diagrams  of  the  modifications  are  shown  in  Figs,  a- 20,  A- 21, 

A-22,  A-23,  and  A-24. 

In  performing  the  function  of  recording  and  reproducing  information  for  the  PAM-FM 
Ground  Station,  it  is  necessary  to  convert  analog  information  into  digital  form  for  re¬ 
cording  and  to  convert  digital  information  into  analog  form  for  reproduction.  The 
conversion  process  is  accomplished  by  a  device  supplied  by  Epsco,  Incorporated,  under 
the  trade  name  of  D&crae.  The  model  supplied  for  use  in  the  Ground  Station  la  the 
B-609SM2,  modified  for  the  special  requirements  of  the  Ground  Station.  The  Datrac 
B-609SM2  (a  modified  version  of  Model  B-611)  is  documented  in  an  inatructlon  manual 
for  the  Datrac  Analog- to- Digital  Converter,  Models  B-611  and  B-613.  The  purpose 
here  le  to  document  those  modifications  made  to  the  B-611  and  the  B-6098M2  for  use 
in  the  PAM-FM  Ground  Station. 

The  modifications  Include: 

e  Addition  of  special  high-speed  sample  and  huld  circuitry 
•  Addition  of  relays  for  converting  between  digital- to-an&log  and  analog-to- 
digital  modes 
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•  Gain  of  analog  output  circuitry  ao  tbat  Input  and  output  lavel  (*10)  volte)  la 

the  name 

•  Reduction  of  notaa  interference  during  digital- to- analog  operation 
e  Removal  of  flrat  and  aeoond  bita  of  die  11- bit  total 

e  Addition  of  monitor  point*  to  all  output*  to  Record  Amp  lift  ere 
e  Addition  of  operate  output  connectors  for  the  following  signals: 

(1)  Datrac  command 

(2)  Conversion  complete 
(9)  Serial  pulse  train 
(4)  Analog  output 

A  brief  description  of  die  two  modes  of  operation  of  the  modified  Datrac  will  be  included 
here. 


In  the  analog- to-digltal  mode  of  operation,  the  first  event  to  occur  is  the  arrival  of  a 
Datrac  command  pulse.  This  pulse  does  three  things;  (1)  it  starts  the  sampling 
prooess  by  operating  the  sample  and  hold  switch-driver  circuitry,  (2)  it  starts  the 
digitisation  process  which  actually  begins  with  the  third  of  11  bits  approximately  6 
microseconds  later,  and  (3)  it  clears  all  digital  data  from  the  previous  conversion. 


Si 


on e  and  two  have  been  removed  from  the  11-bit  converter  in  order  to  give  nine- 


bit  Informs:  don  and  to  allow  stabilization  of  the  Bample  and  hold  circuitry  and  the  am¬ 
plifier  following  the  sample  and  hold.  The  sampling  interval  begins  with  the  arrival 
of  the  Datrac  command  pulse  and  lasts  approximately  1. 5  microseconds.  The  memory 
of  the  sample  and  bold  circuitry  then  holds  data  voltage  for  approximately  23. 0  micro¬ 
seconds,  at  which  time  digitization  is  complete  and  a  conversion  complete  pulse  (used 
to  clock  data  onto  the  magnetic  tape)  is  produced.  Digitization  of  nine  bits,  beginning 
with  the  third  and  ending  with  the  eleventh,  is  performed  at  the  rate  of  one  bit  for  even 
2  microseconds. 


In  the  digital- to- analog  mode  of  operation,  conversion  <s  completed  in  only  6  micro¬ 
seconds.  In  thia  process,  the  first  event  to  occur  is  the  arrival  of  r  clear  pulse  from 
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the  Delay  Command  Pulse  circuit  contained  in  the  Record  u<d  Raproduoe  Electronics. 
The  next  event  to  occur  is  the  application,  in  parallel,  of  nine  bits  of  digital  data  from 
the  Data  Storage  and  Qate  circuits.  As  the  last  event,  approximately  4  microseconds 
later,  analog  data  appears  for  delivery  to  the  Demultiplexer. 

Figure  7-10  illustrates  the  analog-to-digltal  conversion  sequence.  The  externally  ap¬ 
plied  command  pulse  Initiates  digitisation  and  sampling  and  the  timing  of  the  digitisa¬ 
tion  of  nine  individual  bits  of  Information.  Completion  of  the  conversion  la  marked  by 
;  conversion-complete  pulse  after  a  total  elapsed  time  of  approximately  24.  5  micro¬ 
seconds. 

The  individual  conversions  necessary  to  make  the  Dstrac  B-611  compatible  with  the 
PAM-FM  Ground  Station  are  discussed  in  the  following  paragraphs. 

In  order  to  record  the  value  of  data  pulses  with  a  minimum  of  crosstalk  and  allow 
digitization  time,  this  data  must  be  sampled  In  as  short  a  time  aa  possible.  The  spe¬ 
cial  high-speed  sample  and  hold  circnitry  samples  in  only  1. 5  microseconds  and  holds 
the  data  value  for  as  long  a  time  aa  is  necessary  to  perform  digitisation,  i.  e. ,  24. 5 
microseconds.  The  sample  and  hold  equipment  is  contained  on  ta»  plug-in  chassis. 
Chassis  no.  i  contains  an  input  amplifier  composed  of  an  operational  amplifier  end 
associated  network.  Chassis  no.  2  contains  a  blocking  oscillator,  a  switch  driver, 
a  switch,  a  holding  capacitor,  a  bias  current  source,  and  an  operational  amplifle  and 
associated  netwjrk. 

Analog  voltage  from  the  Base  Band  Unit  appears  on  terminal  32  of  Chassis  no.  1 
(Fig.  A- 20)  for  delivery  to  the  operational  amplifier  and  network  oomposetl  of  resis¬ 
tors  Rl,  R2,  R3,  R4,  R6,  and  R7.  The  operational  amplifier  is  composed  of  one-half 
of  vacuum  tube  V3,  vacuum  tubes  VI  and  V2,  and  associated  components.  The  gain  of 
this  combination  of  operational  amplifier  and  network  is  -1  as  the  ratio  of  R^/R^  is 
unity.  Its  output  is  delivt  ?ed  to  the  cathode  follower  composed  of  one-half  of  vacuum 
tube  V3  and  associated  components.  The  output  of  this  cathode  follower  Is  delivered 
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Fig.  7-10  Analog- to-Digita  Conversion  ]?rooess 


to  terminal  24  and  then  to  terminal  14  on  Chassis  no.  2  as  input  to  a  diode  switch 
composed  of  vacuum  tubes  V4  and  V5.  The  overall  gain  from  tern:  .nai  32  to  terminal 
24  on  Chassis  no.  1  is  approximately  0.  85*  The  out  put  nt  i  or  rhinal  zA  t*  h#*twn*?n  nn- 
proximately  +lfj  and  -5  volts. 


Datrac  command  pulses  from  Chassis  no.  8  appear  on  terminal  12  of  Chassis  no.  2 


for  delivery  to  a  blocking  oscillator  composed  of  vacuum  tube  Y6,  transformer  Tl, 
and  associated  components.  These  Datrac  command  pulses  of  +20  volts  amplitude 
override  the  -15-voit  bias  on  grid  2  of  V8  and  force  current  to  flow  from  cathode  3  of 
V6  through  capacitor  C6  to  produce  positive  voltage  on  grid  7  of  V8.  Current,  now 
flowing  through  transformer  Tl  to  plate  9  of  V6,  Induces  voltage  across  resistor  R66, 
further  increasing  the  positive  voltage  on  grid  7  of  V6.  The  right  half  of  vacuum  tube 


vo  eonaucts  until  me  cnarRu  on  capacitor  t,o  uropts  cnougu  to  return  the  tube  to  me 


cutoff  state. 

The  resulting  blocking  oscillator  pulse  Is  delivered  to  transformer  T2  of  the  switch- 
driver  circuitry  which  is  composed  of  transformer  T2,  and  vacuum  tubus  V7,  VS,  and 
V9.  Transformer  T2  provides  positive  and  negative  pulses.  The  positive  pulse  is 
delivered  to  a  cathode  follower  composed  of  vacuum  tube  V8  and  resistor  R32,  and  the 
negative  pulse  is  delivered  to  a  cathode  follower  composed  of  vacuum  tube  V7  and 
resistor  R33.  The  network  composed  of  resistors  R34  and  R35  and  capacitor  C7  pro¬ 
vides  approximately  +37  volts  of  bias  to  vacuum  tube  V7.  The  network  composed  of 
resistors  R38  and  R37  and  capacitor  C8  provides  approximately  -30  volts  of  bias  to 

—  - — —  a..v«  *ra 
vacuum  tuw  v  v. 


If  no  pulses  are  being  delivered  to  the  switch-driver  circuitry,  sufficient  current  flows 
through  resistor  R20,  diode  vacuum  tube  V9,  and  cathode  follower  V8  to  produce  ap¬ 
proximately  -20  volts  on  the  plates  of  vacuum  tubes  V4  and  Vb  of  the  diode  switch. 
Likewise,  sufficient  current  flows  from  cathode  follower  V7  and  diode  V9  and  through 
resistor  R39  to  produce  approximately  +40  volts  on  the  cathodes  of  V4  and  V5  of  the 
diode  switch,  Under  these  conditions,  diodes  V4  and  V5  are  nonconducting  and  holding 
capacitor  C9  is  effectively  tied  to  the  open  grid  7  of  vacuum  tube  V10. 
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When  jmlmo  art-  delivered  to  the  switch-driver  from  the  blocking  oscillator,  bias 
voltages  for  V7  and  V8  are  overridden  no  that  the  currents  In  both  halves  of  diode  V9 
are  Interrupted  for  the  duration  of  the  sampling  interval,  i.e. ,  for  approximately  1.  B 
microseconds.  This  means  that  current  flows  from  +300  volts  at  terminal  2  through 
resistor  R38,  both  halves  of  diodes  V4  and  V5,  and  through  resistor  R39  to  200  volts 


on  terminal  3,  With  the  diode  bridge  conducting,  data  from  Chassis  no.  1  permits 
supply  current  to  charge  holding  capacitor  C9  to  data  level. 


The  voltage  level  which  appcn rs  on  holding  capacitor  C9  is  delivered  to  the  open  grid 
7  of  vacuum  tube  V10  of  the  Operational  amplifier  composed  of  vacuum  tubes  VlU.  Vll, 
and  V12,  and  associated  components.  Gain  of  this  combination  of  operational  amplifier 
and  the  network  composed  of  resistors  R61,  R82,  and  R63  Is  adjusted  by  varying  R63. 
Overall  gain  Is  adjusted  to  approximately  3  .  The  sampled  output  is  delivered  to 
terminal  25  of  Chassis  no,  2  a«  the  input  voltage  to  the  Datrae  summing  junction. 


7.2.7  Digital  Record  Electronics 


Digital  Record  Electronics  are  used  to  record  the  digital  word  generated  by  the  Datrae, 
the  composite  frame  sync,  and  the  clock  signal  In  paralled  In  Non- Return-to- Zero 
(NRZ)  form  on  the  magnetic  tape  on  command  of  the  conversion  complete  pulse  from 
the  Datrae,  Digital  Record  Amplifier,  Frame  Sync  Storage  Record,  and  Pulse  Ampli¬ 
fier  cards  make  up  the  record  electronics.  A  functional  diagram  of  the  Digital  Record 
Electronics  is  shown  In  Fig.  7-11. 

The  conversion  complete  pulse  occurs  approximately  0.5  microsecond  after  the 
digitization  Is  complete.  This  pulse  is  amplified  and  delivered  as  a  clock  signal  to 
all  digital  record  amplifiers  and  is  recorded  on  one  of  the  digital  tracks  as  the  clock 
signal.  It  la  also  used  to  reset  the  Frame  Sync  Storage  Record  circuit. 

Composite  frame  sync  is  applied  to  the  frame  sync  storage  circuit  which,  In  turn,  ap¬ 
plies  a  "one”  to  the  Digital  Record  Amplifier.  The  occurrence  of  a  conversion  com¬ 
plete  pulse  will  clock  this  Information  onto  the  tape  from  the  Digital  Record  Amplifier 
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Fig.  7  'll  Functional  Diagram  of  Digital  Record  Electronics 
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and  also  reset  tlx  frame  syne  storage  circuit  to  ihe  "zero"  state;  thus,  succeeding 
conversion  complete  pulses  do  not  change  the  magnetization  of  the  tape  until  a  now 
composite  frame  sync  pulse  resets  the  frame  sync  storage  to  the  "one"  state. 

The  binary  bits  from  the  Dairac  are  delivered  to  the  appropriate  Digital  Record  Ampli¬ 
fier.  The  conversion  complete  pulse  Interrogates  these  inputs  and  causes  a  change  In 
state  of  the  magnsi  lggtion  of  the  tape  if  a  "one"  is  presented  to  a  Digital  Record  Ampli¬ 
fier  and  no  change  In  state  if  a  "zero"  ia  presented.  Thus,  the  binary  word  from  the 
Dstrao,  the  composite  frame  sync,  and  the  clock  signal  are  all  recorded  on  digital 
tracks  in  parallel  by  the  occurrence  of  a  conversion  complete  pulse. 


7.  2.  1  Frame  Sync  storage  Ksssrd 


The  purpose  of  the  frame  Sync  Storage  Record  is  to  convert  composite  frame  sync 

pulses  from  the  Demultiplexer  to  pulees  that  will  be  accepted  by  the  Frame  Sync 
Digital  Record  Amplifier  ft  should  be  remembered  ihai  information  is  recorded  when 
the  input  to  a  digital  record  amplifier  is  more  negative  than  the  negative  threshold 
level  and  a  record  pulse  is  received.  Both  of  these  conditions  must  be  met  for  record¬ 
ing  to  be  accomplished.  The  Frame  Sync  Storage  Record  is  made  up  of  an  inverting 
pulse  amplifier  and  a  flip-flop.  A  schematic  diagram  of  the  Frame  Sync  Storage 
Record  card  ia  shown  In  Fig.  A-2S. 

Positive  composite  frame  sync  pulses  from  the  Demultiplexer  appear  at  pin  Z  for 
delivery  to  the  inverting  pulse  amplifier  composed  of  transistor  Q1  and  associated 
components. 


The  negative-going  leading  edge  of  the  output  of  the  inverting  pulse  amplifier,  which 
is  in  time  phase  with  the  posits ve-gnlng  i«>ding  edge  of  the  pulses  at  pin  Z,  is  coupled 
through  capacitor  C2  to  turn  off  transistor  Q3  of  the  flip-flop  composed  of  transistors 
Q3  and  Q4  and  associated  components.  This  action  causes  the  collector  of  transistor 
Q4  to  go  negative,  as  well  as  the  output  of  emitter  follower  composed  of  transistor  Q5 
and  associated  components  which  is  delivered  to  pin  K  as  output  to  the  Frame  Sync 
Digital  Record  Amplifier. 
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Positive  record  puleee  from  the  Pulse  Amplifier  appear  at  pin  T  for  delivery  to  the 
emitter  follower  composed  of  transistor  Q2  and  resistors  R4  and  HR.  The  emitter 
follower  output  la  differentiated  by  a  network  composed  of  capacitor  €4,  diode  CR4. 
and  resistor  K17  *o  that  the  negative  -going  trailing  edge  of  a  pulse  on  pin  T  turns  off 
transistor  Q4  of  the  flip-flop.  The  collector  of  transistor  Q4  now  goes  positive  as 
does  the  output  on  pin  K  The  delay  of  approximately  one  microsecond  between  the 
positive-going  leading  edge  of  the  record  pulses,  which  clock  out  data  from  the  Digital 
Record  Amplifiers,  and  the  negative-going  trailing  edge  of  the  record  pulse,  which 
resets  the  ilip-flop,  is  necessary  because  data  must  be  recorded  before  composite 
frame  sync  Information  is  removed  from  the  Frame  Sync  Digital  Record  Amplifier 
input. 

7.  2.  7.  2  Pulse  Amplifier 

The  purpose  of  the  Pulse  Amplifier  la  u>  convert  conversion  complete  pulses  from  the 
Datr&c  to  a  form  auitabie  for  docking  out  the  data  from  the  Digits!  Record  Amplifiers, 
It  le  made  up  of  an  inverting  pulse  amplifier  and  a  blocking  oscillator.  A  schematic 
diagram  of  the  Pulso  Amplifier  is  shown  in  Fig.  A-26. 

A  conversion-complete  pulse  from  the  Datrac  appears  at  pin  M.  where  it  enters  the 
Inverting  pulse  amplifier  composed  of  transistor  Q1  and  associated  components.  The 
negative-going  leading  edge  of  the  inverting  pulse  amplifier  output,  which  is  in  time 
phase  with  the  positive-going  leading  edge  of  the  input  pulse  on  pin  M,  is  coupled 
through  capacitor  C2  to  fire  the  blocking  oscillator  composed  of  transistors  Q2  and 
Q3  and  transformer  Tl.  Positive-going  output  pulses  are  delivered  to  pin  T  as  a  re¬ 
cord  pulee  to  the  Digital  Record  Amplifiers. 

7.  2.  7.  3  Digital  Record  Amplifier 

The  purpose  of  the  Digital  Record  Amplifier  le  to  accept  digital  "ones"  from  the  Datrac 
and  clock  this  Information  onto  the  magnetic  tape  in  NRZ  form  In  phase  with  the  record 
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pulses  from  the  Pulse  Amplifier.  There  is  one  Digital  Record  Amplifier  for  each 
digital  recording  track.  Thie  circuit  aieo  provides  sufficient  power  to  operate  the 
recording  heads.  It  ie  made  up  of  an  inverting  pulse  amplifier,  a  flip-flop,  two 
itjn  gates,  and  amplifiers  and  complementary  emitter  followers.  A  schematic  dia¬ 
gram  of  a  Digital  Record  Amplifier  card  la  shown  in  Fig.  A- 27. 

Digital  information  appears  at  pin  K  in  the  form  of  rising  and  falling  levels  and  Is 
delivered  to  the  inverting  pulae  amplifier  composed  of  transistors  Ol,  02,  snd  Q3, 
diode  CR1,  and  associated  components.  The  operation  of  thin  inverting  pulse  amplifier 
is  such  that,  for  levela  greater  than  approximately  -11  volts.  Its  output  la  approxi¬ 
mately  0  volts.  For  levela  leas  than  approximately  -11  volts,  lta  output  la  approxi¬ 
mately  +20  volts. 

The  output  of  the  inverting  pulse  amplifier,  which  is  the  emitter  ef  transistor  Q3,  Is 
delivered  to  two  emitter  followers,  one  composed  of  translator  Q4  and  resistor  R13, 
and  the  other  composed  of  traneistor  Q9  and  resistor  R24.  The  outputs  of  each  emitter 
follower  are  each  ANDed  with  record  pulses  from  the  Pulse  Amplifier,  which  appear 
at  pin  T.  These  AND  gates  are  composed  of  diodes  CR3,  CR4,  and  CR7,  and  diodes 
CR5.  CRB.  and  CR6. 

The  action  of  these  AND  gates  causes  the  flip-flop  composed  of  transistors  Q6  and  Q7 
and  associated  components  to  change  state  whenever  a  binary  "one"  and  a  record  pulse 
are  present  at  the  same  time.  A  binary  "one"  is  an  input  level  on  pin  K  of  less  than 
-11  volts. 

A  complementary  emitter  follower  Is  coupled  to  each  side  of  the  flip-flop  through  a 
pulse  amplifier.  The  collector  of  flip-flop  transistor  Q6  Is  associated  with  the  pulse 
amplifier  composed  of  transistors  Q5  and  Q14  and  associated  components  and  a  com¬ 
plementary  emitter  follower  composed  of  transistors  Qll  and  Q13.  The  collector  of 
flip-flop  transistor  Q7  is  associated  with  the  pulae  amplifier  composed  of  tranaiatora 
Q8  and  Q15  and  associated  components  and  with  the  complementary  emitter  follower 
composed  of  transistors  Q10  and  Q12. 
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The  output  levels  of  the  complementary  emitter  followers  sre  out  of  pb  .se  sad  very 
between  approximately  0  and  +10  volts.  Resistor  RSI  serves  to  limit  magnetic  tape 
recorder  head  current  to  approximately  ICO  ma  at  all  times.  The  output  to  the 
Magnetic  Tape  Recorder  head  is  between  pine  a  and  c  .  An  output  monitor  point  of 
the  head  current  Is  available  at  pin  h  . 

7.  2.  8  Magnetic  Tape  Recorder 


The  Magnetic  Tape  Recorder  is  a  special  Ampex  unit  (FR-1100)  that  will  aooept  lt-tnch 
or  smaller  reels  of  magnetic  tape.  It  is  designed  to  permit  the  recording  of  11  track* 
of  digital  data  and  four  tracks  of  analog  data  on  one-inch  wide  tape.  Nine  of  the  digital 
tracks  are  used  to  record  the  digital  words  from  the  Dstrac.  The  remaining  two  digital 
tracks  are  used  to  record  the  data  sync  pulse  and  the  composite  frame  syne  pulse.  The 
four  analog  tracks  are  used  to  record  video,  field  strength,  votes  comment,  and  system 


time  signals.  Normal  operating  Speed  cf  the  recorder  is  ISO  ips  for  Vifcrstfos  data. 


Distribution  of  tracks  and  the  recording  function  for  each  track  1s  as  follows: 


TRACK  RECORDING  FUNCTION 

Digital 

Bit  8 
Bit  1 
Bit  2 
Bit  3 
Bit  4 
Data  Sync 
Bit  5 
Bit  6 
Bit  7 
Bit  8 

CompuaUe  Frame  Syuc 


Analog 


11 

Video  Backup 

12 

System  Time 

13 

Spare  (Range  time  at  AMR) 

14 

Signal  Strength  and  Voice 

I 

1. 


■ 

L 
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The  theory  of  operation  of  the  Magnetic  Tape  Recorder  and  the  Procedure#  for  its 
maintenance  are  described  in  detail  In  the  instruction  handbook  Series  FR-1100  Re- 
eorder/aeproduoer  -  Magnetic  Tape  Recorders  for  Instrumentation,  Ampex  Corpora¬ 
tion,  Redwood  City,  Calif, ,  i  4u!  195*,  Special  instructions  for  using  this  recorder 
with  the  PAM-FM  Ground  Station  are  included  in  appropriate  paragraphs  in  this 
manual 


7.  2.  8  Digital  Reproduce  Electronics 

The  Vibration  Ground  Station  In  the  reproduce  mode  of  operation  is  illustrated  in 

rig.  7-2. 

The  Digital  Reproduce  Electronics  <Flg  7-1?)  amplifies  the  dibits]  signals  from  the 
magnetic  tape  and  temporarily  stores  and  clocks  the  digital  information  into  the 

Datrao.  Clock  pulaes  are  delivered  to  the  Datrac  in  the  for"*'  of  a  clear  pulse  and  are 
used  to  reset  toe  Deirac  to  a  state  corresponding  to  ail  aero  Inputs.  Clock  pulses  and 
the  composite  frame  syne  pulse  are  also  delivered  to  the  Demultiplexer. 

Binary  "ones"  from  the  magnetic  tape  are  amplified  in  the  Digital  Reproduce  Ampli¬ 
fiers.  Those  binary  "ones, 11  which  represent  the  digital  word  and  the  composite 
frame  syno,  are  used  to  aet  the  storage  circuits  to  the  "one"  state.  Since  no  change 
of  state  ia  recorded  on  the  magnetic  tape  for  a  binary  "aero,  "  no  signal  is  produced 
for  a  "aero.  "  The  binary  "ones.  "  which  represent  the  clock  signal  from  the  Digital 
Reproduce  Amplifier,  are  delivered  through  a  delay  circuit  to  the  storage  circuits 
where  they  clock  out  the  stored  information  In  the  storage  circuits  and  reset  the 
storage  olrcults  to  the  "aero"  state.  Thus,  binary  "ones"  representing  digital,  infor¬ 
mation  are  docked  In  parallel  into  the  Datrac  for  conversion  to  analog  form.  The 
effects  of  any  static  head  skew  and  dynamic  "jitter"  of  the  tape  axe  reduced  during 
this  process.  Binary  "ones'5  representing  composite  frame  sync  are  clocked  into  the 
Demultiplexer. 
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¥li»  dfclay  otrcuit  ha*  three  output*,  each  output  oocurrlng  l.  5  microseconds  after 
the  other.  However,  the  initial  output  \%  delayed  a  suitable  time  to  enable  it  to  be 
u*ed  as  a  dock  signal,  but  not  so  long  that  it  beoomo*  a  part  of  the  succeeding  binary 
wo*d.  The  first  output  1*  the  clear  pulse  that  la  used  to  dear  the  Datrac.  The  second 
oiilput,  occurring  1, 5  microseconds  later,  le  used  as  a  dock  pulse  to  the  Demulti¬ 
plexer.  The  last  output  Is  used  as  tha  command  pulse  to  the  storage  oiroults. 

7. 2. 9. 1  Digital  Reproduce  Amplifier 

The  purpose  of  the  Digital  Reproduce  Amplifier  is  to  amplify  the  data  from  the  digital 
reproduce  heeds  of  the  Magnetic  Tape  Reoorder  and  to  produoe  appropriate  data 
pulses  for  the  Date  Storage  and  Gate  circuitry  which  follows.  A  schematic  diagram 
of  the  Digital  Reproduce  Amplifier  is  shown  in  Fig.  A-28. 

The  Digital  Reproduce  Amplifier  contains  a  high- gain,  four-stage,  R-C  coupled  linear 
amplifier;  a  linear  phaae  splitter,  a  full-wave  rectifier;  and  an  inverting  pulse  ampli¬ 
fier.  Linear  Circuitry  is  used  until  the  data  can  be  brought  up  to  a  voltage  level  that 
ie  kooeptable  for  pulse-type  amplification.  This  is  done  so  that  the  possibility  of  false 
generation  of  output  puisee  by  noise  ie  reduced  to  a  minimum.  A  variable  gain  feature 
is  included  so  that  operation  with  various  tape  speeds  is  possible. 

Data  from  the  Magnetic  Tape  Recorder  reproduce  heads  appears  at  pin  L  for  delivery 
to  the  amplifier  composed  of  transistors  Q1  through  Q5  and  their  associated  com¬ 
ponents:  This  amplifier  contain*  four  common-emitter  stages  in  cascade  and  an  emit¬ 
ter  follower  output  stag*.  A  constant  output  level  is  maintained  for  various  tape 
speeds  by  varying  tna  gain.  Gain  is  varied  by  the  application  of  appropriate  values 
of  resistance  across  pin*  V  and  T  .  The  resistances  for  this  function  are  selected 
by  means  of  the  TAPE  SPEED  COMPENSATION  switch  located  on  the  Record  and  Re¬ 
produce  Monitor  Panel.  Gain  can  also  be  varied  by  adjusting  variable  resistor  R19. 
Amplifier  gain  should  be  such  that  for  any  tape  speed,  output  is  S  <  *0. 5 )  volts  peak- 
to-peak. 
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The  output  of  this  amplifier  Is  delivered  to  the  phase  splitter  composed  of  transistor 
Q10  and  resistors  RIO  and  R43.  Here,  by  adjusting  variable  resistor  R43,  two  out¬ 
puts  of  equal  magnitude  and  180  degrees  out  of  phase  with  respeot  to  each  other  are 
delivered  to  separate  diodes  CR2  and  CR3  of  the  full-wave  rectifier,  This  rectifier 
changes  the  positive  and  negative  pulses  of  the  phase  splitter  to  a  series  of  positive 
pulses.  These  positive  pulses  are  held  between  the  levels  of  approximately  o  sod  +a 
volts. 

One  of  the  phase-splitter  signals  is  transmitted  through  the  emitter  follower  composed 
of  transistor  Q»  and  resistor  R38  for  delivery  to  one  side  of  the  full-wave  rectifier. 

The  other  phase-splitter  signal,  which  appears  on  ths  emitter  of  transistor  QIC,  is 
transmitted  directly  to  the  full-wave  rectifier. 

The  foil-wave  rectifier  output  pulses  are  delivered  to  the  inverting  pulse  amplifier 
at  the  base  of  the  emitter  follower  oomposed  of  transistor  Q7  and  resistor  R32. 
Whenever  the  emitter-follower  output  goes  positive,  transistor  Q8  is  turned  on  and 
its  collector  goes  to  ground  potential.  Whenever  the  emitter-follower  output  reaches 
zero,  or  is  negative,  transistor  Q8  is  turned  off  and  its  collector  goes  to  approximately 
+13  volts.  The  signal  which  appears  at  the  oolleotor  of  transistor  Q8  is  coupled 
through  the  emitter  follower  oomposed  of  transistor  Q6  and  resistor  R30  for  delivery 
to  pin  a  as  output  to  Data  Storage  and  Gate. 

Operation  of  the  Digital  Reproduce  Amplifier  1b  such  that  a  negative-going  output 
pulse  is  generated  whenever  a  data  pulse  appears  across  the  input  terminals, 

7.  2. 9.  2  Data  Storage  and  Gate 

The  purpose  of  the  Data  Storage  and  Gate  is  to  hold  the  digital  information  received 
from  the  Digital  Reproduce  Amplifier  until  all  bits  of  information  have  been  read  out 
of  the  Magnetic  Tape  Recorder,  This  delay  is  necessary  to  compensate  for  skew  and 
flutter  in  the  Magnetic  Tape  Recorder.  A  command  pulse  clocks  these  bits  into  ths 
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Datrac  for  oonvaralon  to  analog  voltaga.  Each  Data  Storage  and  Gate  card  can  ac- 
oommodate  two  bits  of  information.  A  schematic  diagram  of  thia  unit  ii  ahown 
Tig.  A -28, 

Two  asperate  hut  identical  circuits  are  present  on  each  oard;  each  circuit  stores  one 
bit  of  information  until  the  oommand  pulse  transmits  it  to  the  following  circuit.  Each 
circuit  is  made  up  of  a  blocking  oscillator,  a  flip-flop,  and  an  inverting  pulse  ampli¬ 
fier.  Since  all  circuits  are  identical,  only  the  operation  of  one  circuit  will  be  de¬ 
scribed. 

Digital  data  from  the  Digital  Reproduce  Amplifier  appears  at  pin  K  for  delivery  to 
the  inverting  pulse  amplifier  composed  of  transistor  Ql,  diode  CR1,  and  associated 
components.  If  the  level  at  pin  K  fails  below  approximately  +9  volte,  transistor  Ql 
is  turned  on,  the  collector  of  Ql  goes  to  approximately  +9  volts,  and  a  positive-going 
pulse  appears  at  the  Junction  of  aapacitor  Cs  and  resistor  R8.  This  positive  pulse  is 
then  coupled  through  capacitor  C4  so  that  It  turns  off  transistor  Q2  of  the  flip-flop 
composed  of  transistors  Q2  and  Q3  and  associated  components. 


When  a  oommand  pulse  from  Delay  Command  Pulse  appears  on  pin  T  ,  transistor 
Q5  ox  ihs  flip-flap  will  bo  iu  ITJvm  wait  amS  change  of  state  of  the  flip-flop  causes  the 
collector  of  Q2  to  go  positive.  The  signal  on  the  collector  of  translator  Q2  is  ooupled 
through  the  emitter  follower  composed  of  transistor  Q4  and  resistor  Rli'  for  delivery 
to  the  blocking  oscillator  composed  of  transistors  Q5  and  Q6,  transformer  Tl,  and 
associated  components. 


If  the  level  on  pin  K  rises  above  approximately  +9  volts,  no  pulse  will  be  delivered 
to  the  flip-flop  end.  consequently,  no  pulse  will  be  available  to  fire  the  blocking 
oscillator  upon  the  arrival  of  a  oommand  pulse. 
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7.  2.  8. 3  Data  Sync  Delay  Reproduce 

The  purpose  of  the  Data  Sync  Delay  Reproduoe  is  to  delay  the  pulses  from  the  data 
sync  Digital  Reproduoe  Amplifier  sufficiently  so  that  all  information  delivered  from 
the  Digital  Reproduce  Amplifiers  to  the  Data  Storage  and  Gate  gates  has  had  time  to 
arrive  before  being  docked  out  of  the  Data  Storage  and  Gate  gates  into  the  Datrao. 

It  is  made  up  of  an  inverting  pulse  amplifier  and  a  one-shot.  A  schematic  diagram 
of  the  Data  Sync  Delay  Reproduce  card  is  shown  in  Fig.  A-30. 

Negative-going  pulses  from  the  data  sync  Digital  Reproduce  Amplifier  appear  at  pin 
a  .  These  pulses  are  delivered  to  the  inverting  pulse  amplifier  composed  of  transis¬ 
tors  Q1  and  Q2  and  associated  components. 

Positive-going  pulses  are  coupled  through  capacitor  Cl  to  the  one-shot  composed  of 
transistors  Q3  and  Q4.  This  one-shot  is  triggered  by  the  negative-going  leading  edge 
of  the  pulses  at  pin  a  .  The  one-shot  output  is  fed  through  the  emitter  follower  com¬ 
posed  of  transistor  Q5  and  resistor  R15  and  delivered  to  pin  N  as  output  to  the  Delay 
Command  Pulse. 

A  variable  delay  of  from  4  to  25  microseconds  la  obtained  by  adjusting  variable  resis¬ 
tor  R8.  Its  setting  is  adjusted  so  that  the  outputs  from  the  following  circuit,  the 
Delay  Command  Pulse,  properly  clock  out  the  data  contained  in  the  Data  Storage  aid 

Gate  circuits, 

7.  Si;  8. 4  Delay  Command  Pulse 

The  purpose  of  the  Delay  Command  Pulse  is  to  provide  dear  pulses  to  the  Datrao, 
data  sync  to  the  Demultiplexer,  and  command  pulses  for  the  Date.  Storage  and  Gate 
cards  during  the  reproduoe  mode  of  operation.  Delays  of  approximately  2  micro¬ 
seconds  separate  each  of  these  pulses  so  that  no  interference  can  exist  while  gener¬ 
ating  video,  frame  sync,  and  data  sync.  This  circuit  ia  made  up  of  three 
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oscillators,  two  of  them  with  delay  capabilities  A  schematic  diagram  of  the  Delay 
Command  Atlas  circuit  is  shown  in  Fig,  A-31, 

Pulses  from  the  Data  Sync  Delay  Reproduoe  enter  at  pin  N  and  trigger  the  first  block¬ 
ing  oscillator  composed  cf  transistors  Q1  and  Q2,  transformer  Tl,  and  associated 
components,  The  positive-going  portion  of  these  pulses  triggers  this  blocking  oscil¬ 
lator.  Output  (which  is  essentially  undelayed)  leaves  this  blocking  oscillator  on  pin 
f  for  delivery  to  Datrac  as  the  clear  pulse.  This  output  pulse,  which  is  approximate¬ 
ly  2  microseconds  wide,  also  passes  into  the  delay  and  blocking  oaclHator.  The 
negative-going  portions  of  these  pulses  are  extracted  by  capacitor  Gfl,  resistor  RIO. 
and  diode  CR3  and  fire  the  blocking  oscillator  composed  of  transistors  Q4  and  Q5, 
transformer  T2,  and  associated  components.  Output  from  this  oscillator  is  then 
delivered  to  pin  Z  as  data  sync  for  delivery  to  the  Demultiplexer.  Output  from  this 
blocking  oscillator  is  also  fed  into  a  second  delay  and  blocking  oscillator  circuit. 
Again,  the  negative-going  portions  of  the  2  -microsecond  pulses  are  extracted  by 
capacitor  C9,  resistor  R18,  and  diode  CR5  and  fire  the  blocking  oscillator  composed 
of  transistors  Q7  and  Q8,  transformer  T3,  and  associated  components.  Output  of 
this  third  blocking  oscillator  is  delivered  to  pin  T  as  a  command  pulse  to  the  storage 
cards. 

Monitor  points  for  the  no.  1  and  no.  3  outputs  are  at  pins  f  and  T  respectively, 

7.  2. 10  Dlgitai-to-Analog  Converter 

The  Digital-to-Analog  Converter  is  the  same  converter  (Datrac)  that  la  used  for 
analog-to-dlgital  conversion,  but  operated  in  the  digital-io-analog  mode. 

The  Digltal-to-Analog  Converter  accepts  the  nine-bit  digital  words  from  the  Digital 
Reproduoe  Electronics  and  reconstruct  a  the  analog  PAM  composite  pulse  train.  This 
composite  pulse  train  la  then  delivered  to  the  Gate  Driver  Amplifier  of  the  Base  Band 
Unit,  which  in  turn  delivers  It  to  the  Demultiplexer. 
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7.  2, 11  Base  Band  Unit,  Reproduce  Mode 

In  the  reproduce  mode  of  operation,  only  the  Gate  Driver  Amplifier  and  the  Reference 
Amplifier  portions  of  the  Base  Band  Unit  (Fig.  7-13)  are  uaed. 

Input  to  the  Reference  Amplifier  is  from  the  Zero  Data  Seleotor  In  the  Demultiplexer. 
The  Reference  Amplifier  output  In  the  form  of  a  d-o  reference  correction  voltage  Is 
delivered  by  way  of  Jack  J18  to  grid  7  of  vacuum  tube  VI  in  the  Gate  Driver  Amplifier. 
The  Reference  Amplifier  functions  in  the  same  manner  in  the  reproduce  mode  as  It 
does  in  the  reoord  mode. 

The  output  of  the  Digital-to-Analog  Converter  In  the  form  of  an  analog  PAM  composite 
pulse  train  provides  the  second  input  at  jack  J14  to  the  Gate  Driver  Amplifier.  The 
output  of  the  Gate  Driver  Amplifier  is  delivered  to  jack  J17  as  d-c  video  to  the  De¬ 
multiplexer.  Except  for  the  changes  in  Input,  the  Gate  Driver  Amplifier  functions  in 
the  same  fashion  in  the  reproduce  mode  as  It  does  In  the  record  mode. 

7.  2. 12  Demultiplexer,  Reproduce  Mode 

Although  the  Demultiplexer  in  the  reproduce  mode  (Fig.  7-14)  functions  in  much  the 
same  way  as  it  does  in  the  record  mode,  inputs  are  from  different  sources  and  a  part 
of  the  synchronization  logic  in  not  used.  Since  clock  pulses  ana  composite  frame  syne 
pulses  have  been  recorded,  there  is  no  need  for  a  data  sync  generator,  frame  syno 
generator,  or  a  shift  register.  Two  additional  circuits  are  used  in  the  reproduce 
mode,  however.  These  circuits  are  discussed  In  Paragraphs  7.2. 12. 1  and  7. 2. 12.2. 

7.2.12.1  Duty  Cycle! 

Duty  Cycle  I  is  a  chopper  which  converts  the  analog  pulse  train  from  the  Datrao  into 
a  serrated  waveform  (with  a  duty  cycle  of  approximately  SO  percent)  for  delivery  to 
the  analog  data  gates. 
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Fig.  7-13  Vibration  Base  Band  Dnit.  Reprodboe  Mode 
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This  BO  peroent  duty  factor  enables  the  gain  of  the  analog  atgnal  to  visual  display 
equipment  to  be  the  same  for  record  and  reproduce  modes.  To  prevent  noise  front 
being  fed  to  the  Demultiplexer  and  display  circuits,  serrations  are  placed  where 
a  minimum  of  switching  noise  will  appear  at  the  output  of  Duty  Cycle  I.  Adjustment 
of  die  duty  factor  of  the  data  pulses  is  possible  by  adjuetmente  on  thte  circuit.  It 
le  composed  of  two  one-shots,  a  flip-flop,  and  a  keyed  gate.  A  schematic  diagram 
of  Duty  Cycle  I  appears  in  Fig.  A- 3  2. 


ii 


B  i 


i 


Positive  data  ayno  pulses  from  the  Reproduce  Electronics  appear  at  pin  b  for  de¬ 
livery  to  one-shot  no.  I  whloh  Is  composed  of  transistors  Q1  and  Q2  and  associated 
components.  One  output  of  one-shot  no.  1  goes  through  the  emitter  follower  composed 
of  transistor  Q3  and  resistor  Rll  and  turns  off  transistor  QB  In  the  flip-flop  composed 
of  transistors  Q8  and  Q9  and  asaoolated  components.  The  other  output  of  one-shot 
no.  1  passes  through  the  emitter  follower  composed  of  transistor  Q4  and  resistor  R12 
and  triggers  one-shot  no.  2  which  is  composed  of  transistors  Q5  and  Q6  and  associ¬ 
ated  components. 


The  output  of  one-shot  no.  2  passes  through  the  emitter  follower  composed  of  transis¬ 
tor  Q7  and  resistor  R22  and  turns  off  transistor  Q8.  When  this  occurs,  output  of  the 
emitter  follower  composed  of  translator  Q10  and  resiBtor  R33  will  go  positive  from 
approximately  -IS  volts  to  approximately  -5  volts.  The  output  of  the  emitter  follower 
oomposed  of  translator  Q10  and  resistor  R33  operates  the  inverting  pulse  amplifier 
composed  of  transistor  Qll  and  resistors  R3S  and  R36  so  that  the  signal  at  the  junction 
of  resistors  K37,  R3S,  and  R59  will  vary  between  +10  and  -10  volts.  111686  pulses 
will  be  out  of  phase  with  the  output  of  emitter  follower  oomposed  of  transistors  Q12 
and  Q15  and  associated  components.  Video  reproduce  from  the  Gate  Driver  Amplifier 
appears  at  pin  Z  and  is  switched  on  and  off  by  the  action  of  the  keyed  gats. 

The  output  of  the  keyed  gate  Is  delivered  to  pin  H  as  serrated  video  to  Data  Gates. 
This  output  will  be  at  ground  potential  whenever  the  gate  is  not  keyed,  and  will  be  at 
data  potential  whenever  the  gate  is  keyed. 
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The  delay  produced  by  both  one-shot  no.  X  and  one-ahot  no,  2  can  be  varied  between 
approximately  4  and  28  microaeoonda.  Delay  of  one-ahot  no.  1  la  varied  by  adjusting 
variable  reelator  R4;  ita  output  determines  when  the  keyed  (ate  a  hall  open.  The 
delay  of  one-shot  no.  2  la  varied  by  adjusting  variable  reelator  R18,  Ita  output  de¬ 
termines  when  the  keyed  gate  shall  close , 

7, 2. 12. 2  Frame  Sync  Delay  Reproduce 

The  Frame  Sync  Delay  Reproduce  is  a  delay  network  to  delay  the  composite  frame  syne 
from  the  data  sync  pulses  by  approximately  5  to  10  mieroeeoonda.  The  composite 
frame  sync  pulse  la  also  transformed  to  the  correct  Impedance  end  amplitude  for 
driving  the  Demultiplexer.  A  schematic  diagram  at  the  Frame  flyno  Delay  Reproduce 
la  shown  in  Fig.  A-33.  Since  the  circuit  waa  developed  from  the  syne  gate,  the  flip- 
flop  and  one-ahot  no.  2  as  shown  on  the  schematic  are  not  used. 

Composite  frame  sync  pulses  from  the  Digital  Reproduoe  Electronics  appear  on  pin 
Z  .  This  positive  pulse  ia  differentiated  by  capacitor  Cl,  diode  CR1,  and  reelator  R1 
so  that  the  positive-going  portion  of  the  pulses  triggers  the  css-shot  casspegsa  of 
transistors  Q2  and  Q4  and  associated  components .  This  one-ahot  fires  blocking  oscil¬ 
lator  no.  1  oomposed  of  translators  Q6  and  Q 7,  transformer  Tl,  and  associated  com¬ 
ponents  at  a  time  several  microaeoonda  after  foe  initial  arrival  of  the  oorapoelte 
frame  sync  pulse.  This  delay  can  be  varied  between  4  and  20  microseconds  by  adjust¬ 
ing  resistor  R3,  but  the  delay  la  usually  from  5  to  10  microseconds. 

The  positive-going  output  pulses  of  blocking  oscillator  no.  l  are  delivered  to  dual 
emitter  follower  oomposed  of  transistors  Q9  and  Qll  and  associated  components.  The 
output  level  of  the  dual  emitter  follower  ia  seen  at  teat  point  TP1  and  la  adjusted  by 
variable  resistor  R28  to  10  ( *  2. 6 )  volts  neak-to-peak. 
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The  gate  composed  of  transistor  Q18  end  midari  8M  .  nd  R37.  which  is  normally 
opeo,  pea  mo  a  positive  pulse  that  Area  blocking  oscillator  no.  8  oompossd  of  transla¬ 
tors  Q18  and  914.  transformer  T8.  sad  associated  components.  The  output  of  block¬ 
ing  oscillator  no.  8  la  delivered  to  pin  f  as  the  delayed  composite  frame  synoto  ba 
delivered  to  pin  Z  of  the  Sync  Gate  and  to  pin  P  of  the  Sync  Selector. 

7.  2. 18  Power  Supply  Interlock 

The  beelo  purpose  of  the  Power  Supply  Interlock  is  to  prohibit  the  application  of  power 
to  any  of  the  components  of  the  PAM- PM  Ground  Station  unless  power  from  all  four  of 
the  power  supplies  is  present  simultaneously.  Other  functions  of  this  unit  sro: 

(1)  to  provide  a  time  delay  between  dm  application  of  heater  power  and  plate  volt-  ge 
to  the  Base  Band  Unit;  (2)  to  provide  a  means  of  distributing  power  to  unite;  and 
(S)  to  route  various  record/ reproduce.  Magnetic  Tape  Recorder  Interlock,  and  G-A/ 
Vibration  relay  signals  between  major  components  in  the  Ground  Station. 

The  Power  Supply  Interlock  Is  composed  of  15  relays  (two  of  which  are  one-minute, 
thermal-delay  relays),  a  il5-vwii-ac  isolation  transformer  which  provides  power  for 
the  115 -volt  relays,  and  various  connectors. 

attention  should  be  given  the  schematic  diagram  shown  in  Fig.  A-34  ms  all 
controlling  signals,  their  origins  and  destinations,  and  the  routes  of  incoming  and 
outgoing  power  cable*  are  clearly  labeled. 

7. 2. 14  Relay  Beard 

The  purpos*  of  the  Relay  Board  Is  to  make  it  possible  to  shift  quickly  between  record 
and  reproduce  modes  of  Ground  Station  operation.  Several  circuit  rearrangements 
»wwwig  the  component  boards  In  the  Demultiplexer  and  other  units  are  required  when 
station  modes  are  swltnhed.  In  the  Demultiplexer,  several  cards  with  three  DPDT 
relays  each  provide  the  necessary  switching.  For  example,  switching  between  the 
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Sync  Separators  and  the  Sync  Reproduce  electronics,  or  between  the  Duty  Cycle  and 
the  Base  Band  Unit,  are  all  accomplished  with  Relay  Boards,  which  are  in  turn  driven 
by  the  Reoord/Reproduce  controls  of  the  Monitor  Panel.  A  schematic  diagram  of  the 
Relay  Board  la  shown  In  Fig.  A-35, 

T.  2. 15  Main  Monitor  Panel 

The  functioning  ol  main  and  mb  monitor  panels  as  a  m  urns  of  applying  "scope  probes" 
rapidly  to  critical  points  in  the  Ground  Station  is  documented  in  Volume  I  and  in 
Section  11  of  this  volume,  it  should  be  pointed  out  that  the  main  monitor  panel  also 
performs,  by  means  of  nine  DPDT  relays,  most  of  the  switching  necessary  to  change 
p.  Ground  Station  between  G-A  and  Vibration  operation.  Also,  control  signals  for 
POWER  ON-OFF,  RECORD- RE  PRODUCE,  and  G-A  VIBRATION  are  Initiated  by  a 
series  of  push  buttons  on  die  Monitor  Panel.  A  schematic  diagram  of  die  Monitor 
Panel  is  shown  in  Fig.  A-36. 

7. 2. 16  Signal  Strength  and  Voice  Record  and  Reproduce  Filters 

The  purpose  of  the  Signal  Strength  and  Voice  Record  and  Reproduce  Filters  is  to 
combine  the  receiver  signal  strength  output  and  the  voice  signal  for  recording  with 
FM  record  electronics  and  to  separate  the  two  signals  on  reproduce.  This  is  done 
with  simple  passive  filters  and  a  resistive  adder  which  limits  the  frequency  re¬ 
sponse  of  the  recorded  signal  strength  from  dc  to  approximately  100  cps  and  the 
voice  signal  from  approximately  300  epe  to  10  kc.  A  schematic  diagram  is  in 
Fig.  A-37. 
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7. 3  G-A 

7.  3. 1  Receiver 

Input  to  the  G-A  Ground  Station  is  received  at  a  modified  Nems- Clarke  1412  Telemetry 
Receiver  as  a  PAM-FM  signal.  After  the  FM  signal  has  been  demodulated,  three 
signals  are  delivered  to  other  equipment  at  the  station.  A  dc- coupled  PAM  signal 
is  delivered  to  the  Base  Band  Unit  at  an  average  level  of  approximately  +6  volts.  A 
field  strength  signal  is  delivered  directly  from  the  receiver  to  the  FM  electronics 
of  the  Magnetic  Tape  Recorder  for  recording  on  an  analog  track.  An  ac-  coupled 
signal,  to  be  used  as  a  backup  for  the  digital  recording,  is  delivered  through  an 
auxiliary  jack  to  the  analog  electronics  of  the  Magnetic  Tape  Recorder  for  recording 
on  an  analog  track.  The  modifications  to  the  Nems- Clarke  1412  Telemetry  Receiver 
provide  a  dc- coupled  output  near  ground  potential  and  were  made  to  achieve  com¬ 
patibility  with  the  PAM-FM  Ground  Station  in  tile  following  manner: 

e  To  provide  dc~coupled  and  ac- coupled  video  with  the  phase 
opposite  to  that  provided  by  the  unmodified  receiver 
e  To  provide  video  with  a  level  independent  of  any  readily 
accessible  adjustment 

The  modifications  were  accomplished  by  bypassing  the  video  amplifier  and  obtaining 
an  output  signal  directly  from  the  cathode  of  the  FM  discriminator  amplifier  (V101). 

A  schematic  diagram  of  the  modifications  is  shown  in  Fig.  A-l.  Theory  of  operation 
and  operating  and  maintenance  procedures  are  described  in  Instruction  Manual  for 
Model  1412  Telemetry  Receiver,  Nems-Clarke,  Inc.,  Silver  Spring,  Maryland. 

7.  3. 2  Base  Band  Unit,  Record  Mode 

The  purpose  of  the  Base  Band  Unit  is  to 

e  Amplify  the  signal  from  the  receiver  and  provide  three  separate 

output  signals,  each  of  a  different  level  and  isolated  from  one  another 
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•  Insert  correct  d-c  reference  level  into  two  of  the  three  output 
signals 

e  Litni  the  bandwidth  of  the  PAM  output  signals  without 
introducing  excessive  crosstalk 

A  block  diagram  of  the  G-A  Base  Band  Unit  in  the  record  mode  is  shown  in  Fig,  7-15, 

The  three  output  signals  of  the  Base  Band  Unit  are  (1)  a  19-volt  peak-to-peak  signal 
for  the  Datrae,  (2)  a  7-volt  peak-to-peak  signal  for  the  Demultiplexer  data  gates, 
and  (3)  a  15- volt  peak-to-peak  signal  for  the  Demultiplexer  sync  circuits. 

The  18- volt  peak-to-peak  signal  for  the  Datrae  must  be  referenced  eo  that  the 
minimum  peak  is  -9.  5  volts.  The  7-volt  peak-to-peak  signal  for  the  data  gates  is 
referenced  so  that  zero  output  of  the  interpolation  filters  of  the  display  circuitry 
corresponds  to  zero  data,  i.  e. ,  the  minimum  peak  is  approximately  -1.  5  volts.  The 
15-volt  peak-to-peak  signal  for  the  sync  circuits  is  not  referenced  and  is  a-c 
coupled. 

Since  the  G-A  PAM  signal  Is  a  16-kc  pulse  repetition  rate,  it  can  be  considered 
a  relatively  low-speed  system. 

The  video  output  of  the  receiver  is  followed  by  a  noise  filter  which  limits  the  bandwidth 
to  that  required  to  pass  the  PAM  signal  and  removes  the  excess  noise.  The 
characteristics  of  the  noise  filter  are  determined  by  the  total  sampling  rate,  the  overall 
system  accuracy,  and  the  allowable  crosstalk  between  successive  samples.  For  the 
G-A  Ground  Station,  an  R-C  fll'ar  is  sufficient  to  accomplish  this  purpose. 

Two  signals  flow  through  the  Base  Band  Unit.  Che  is  the  PAM  pulse  train,  the  other 
is  the  d-c  reference  feedback  correction  voltage  that  is  derived  from  a  portion  of 
the  pulse  train. 
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Fig.  7-15  G-A  Base  Bend  Unit,  Record  Mode 
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amplitude.  intari  tha  DC  Amplifier  where  it  i«  amplified  approximately  10  times 
without  being  Inverted.  Thia  amplifier  is  composed  of  direct-coupled  circuits. 

A  suitable  means  of  offsetting  positive  bias  voltage  from  the  receiver  is  included. 

The  output  of  the  DC  Amplifier,  which  is  now  at  a  level  of  approximately  14  volts 
peakio-pcak,  is  fed  Into  the  Noise  Filter,  a  single- pole,  R-C  section.  Here,  the 
signai-to-noiae  ratio  of  the  PAM  pulse  train  la  improved  without  the  Introduction 
of  excessive  crosstalk  and  approximately  S  volte  of  negative  offset  voltage  are  added 
to  the  output  signal. 


Thia  signal  is  delivered  to  the  K>ise  Filter  Amplifier  at  a  level  of  approximately 
4  volts  because  of  attenuation  In  the  Noiae  Filter.  The  signal  Is  then  amplified  bo 
that  the  Noise  Filter  Amplifier  output  to  the  Datrac  is  IB  volts  peak-to-peak. 

An  adjustment,  called  the  Overall  Gain,  is  involved  In  this  amplifier  to  achieve  the 
desired  amplification.  An  additional  adjustment  to  correct  the  d-c  level  to  -9  (±  0. 25) 
volts  is  also  included  in  th  '  Noise  Filter  Amplifier.  This  signal  which  is  delivered 
to  the  Datrac  can  be  routed  through  the  Reference  Voltage  Optional  Clamp  circuit 
If  the  Demultiplexer  should  fail  to  deliver  the  correct  d-c  reference  voltage. 

At  this  point  In  the  signal  flow  of  the  Base  Band  Unit,  the  PAM  pulse  train  Is  divided 
into  three  outputs.  One  output  is  the  19-volt  peak-to-peak  signal  to  the  Datrac, 
another  is  the  15-volt  peak-to-peak  signal  to  the  Demultiplexer  sync  circuits,  and 
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The  Gate  Driver  Amplifier  is  used  to  attenuate  the  19-volt  peak-to-peak  signal  to  a 
7-volt  signal  and  supply  a  low  a  our  os  impedance  to  drive  the  data  gates.  A  d-c  offset 
adjustment  is  incorporated  to  adjust  the  minimum  peak  (sync  interval)  to  approximately 
-1.5  volts.  Incorporated  In  the  Gate  Driver  Amplifier  is  a  relay  activated  by  the 
Record-Reproduce  switch  in  the  Monitor  Panel  so  that  the  input  to  the  data  gates  by 
way  of  the  Gate  Driver  Amplifier  can  be  routed  from  the  Datrac  or  the  Noise  Filter 
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Amplifier,  depending  on  the  mode  of  Qp*r*ilott  = 


The  d-c  reference  correction  voltage  originates  in  the  Demultiplexer  where  the  sync 
interval  is  sampled  by  the  DC  Reference  Filter  Board  and  smoothed  through  a  i-kc 
low-pass  filter.  ThiB  signal  is  then  delivered  to  the  Reference  Amplifier  of  the  Base 
Band  Unit  where  the  d-c  error  voltage  is  amplified  approximately  50C  times  and  delivered 
to  a  single-pole,  R-C  section,  low-pass  filter  with  a  cutoff  frequency  of  2  cps.  This 
filter  is  physically  located  in  the  Gate  Driver  Amplifier.  The  d-c  correction  voltage 
is  switched  by  a  relay  In  the  Gate  Driver  Amplifier  to  a  differential  input  of  the  DC 
Amplifier  in  the  record  mode  or  to  a  differential  Input  of  the  Gate  Driver  Amplifier  in 
the  reproduce  mode. 

7. 3. 2.1  DC  Amplifier 

The  purpose  of  the  DC  Amplifier  is  to  amplify  the  Incoming  PAM  signal  approximately 
10  times  and  establish  a  d-c  reference  level  of  approximately  -2  (±2)  volts.  These 
functions  are  performed  by  using  three  dual  triode  (6201)  vacuum  tubes  and  their 
associated  components.  The  first  two  cathode- coupled  tried**  (VI  and  V8)  act  as  a 
comparison  amplifier  that  amplifies  the  difference  of  the  signals  appearing  on  grids  2 
and  7  of  VI.  The  third  cathode- coupled  dual  triode  <V3)  acts  as  a  parallel  cathode 
follower  and  furnishes  a  low  output  Impedance  to  the  Noise  Filter.  Zener  Diodes  are 
used  to  correct  the  d-c  offset  throughout  the  Amplifier.  A  schematic  diagram  of  the 
DC  Amplifier  is  shown  in  Fig.  A-2. 

Two  inputs  to  the  DC  Amplifier  are  provided.  One  input  is  the  PAM  pulse  train 
from  the  receiver:  the  second  is  the  d-o  reference  level  from  die  second  low- pass 
filter  in  the  d-c  reference  feedback  loop. 

The  PAM  signal  from  the  receiver  is  picked  up  at  jack  J4  at  a  level  of  approximately 
-td  volts  dc.  It  is  passed  through  Zener  coupling  diode  CR7  where  the  level  la  reduoed 
to  approximately  zero  volts  dc.  This  signal  la  then  applied  to  grid  2  of  VIA.  At 
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the  «ame  time,  the  signal  input  from  the  Reference  Amplifier,  by  way  of  the  second 

low-pass  filter,  is  applied  to  grid  7  of  V1B  by  way  of  a  network  composed  of 
resistors  R9,  RIO,  and  Rll. 

In  order  to  exercise  adequate  control  over  the  d-c  offset  voltage,  it  is  necessary 
to  balance  the  plate  current  being  ap  died  to  VIA  and  V1B,  the  firot  stage  of  the 
amplifier.  This  is  accomplished  by  means  of  potentiometer  R2  (DC  Balance  no.  1). 
While  this  adjustment  la  being  made  at  R2.  the  input  from  the  Reference  Amplifier  is 
disconnected  at  jack  J5.  Resistor  R2  is  adjusted  so  that  the  sync  Interval  (absence 
of  a  data  pulse)  is  approximately  -2  (  ±  2)  volts  dc  as.  observed  at  test  point  TP3. 

The  output  of  V1B  is  passed  through  an  offset  voltage  control  network  composed  of 
diodes  CR1,  CR2,  and  CR3  which  reduces  the  d-c  voltage  by  180  volts  (  -  10  percent). 
The  signal  is  then  applied  to  grid  2  of  V2A.  The  cathode  of  V2A  Is  coupled  to  the 
cathode  of  V2B,  which  Is  next  to  receive  the  signal.  At  the  same  time,  there  appears 
on  grid  7  of  V2B  the  signal  from  the  output  of  VS,  a  part  of  the  amplifier's  Internal 
feedback  circuit. 

The  output  from  the  plate  of  V2B  is  passed  through  a  second  offset  voltage  control 
network  composed  of  diodes  CR4.  CR5,  and  CR6  which  reduces  the  d-  c  voltage  by 
180  volts  (  llO  percent).  Capacitors  C2  and  C3  are  used  to  suppress  the  high- 
frequency  noise  generated  in  the  two  Zener  diode  strings  CR1,  CR2,  and  CR3; 
and  CR4,  CR5,  and  CR6. 


7  )  signal  is  then  applied  in  parallel  to  grids  2  and  7  of  V3A  and  V3B,  the  parallel 
&  ode  follower.  The  output  of  this  parallel  cathode  follower  is  delivered 
through  jack  J6  to  the  Noise  Filter.  At  the  same  time,  this  output  is  fed  back  to  the 
grid?  of  V2B  and  V1B  by  means  of  the  feedback  resistors  R9,  RIO,  R15,  and  R16. 
Feedback  resistors  R9  and  RIO  are  used  to  control  the  overall  gain  of  the  DC 
Amplifier  to  approximately  10. 

There  are  three  teat  points  in  the  DC  Amplifier.  Test  point  TP1  provides  a 
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bhi  up  ling  point  for  the  input  from  the  receiver  after  passing  through  *he  6-volt 
Zener  diode  CK7.  Test  point  TP2  provides  a  sampling  point  for  the  input  from  the 
Reierenee  Amplifier.  Test  point  TP3  provides  a  sampling  point  for  the  output  of  She 
DC  Amplifier.  The  input  from  the  receiver,  after  passing  through  the  6-volt 
Zener  diode  CR7,  is  also  delivered  to  the  Monitor  Panel  through  Jack  J1  an  the 
RCVR  VIDEO  DC  position  on  Switch  A  and  Switch  B. 

A  jumper  between  Jacks  J2  and  J3  is  normally  used  with  the  DC  Amplifier. 

Should  an  occasion  arise  when  operation  with  the  composite  pulse  train  from  some 
source  other  than  the  receiver  is  desired,  however,  the  Jumper  could  be  removed 
and  the  input  applied  to  jack  J2. 

7..  3.  2.  2  Noise  Filter 

The  purpose  of  the  Noise  Filter  Is  to  improve  the  signal-  to-noise  ratio  of  the 
composite  pulse  train  without  introducing  excessive  crosstalk.  It  is  composed  of 
a  time  delay  circuit,  a  summing  junction,  a  d-c  offset-  adjustment  circuit,  and  an 
output  circuit  .  Internal  switching  and  separate  plug-in  output  circuits  permit  use  with 
both  Vibration  and  G-A  Ground  Stations.  Input  to  use  Noise  Filter  iroin  the  DC 
Amplifier  is  at  jack  J7  and  its  output  to  the  Noise  Filter  Amplifier  is  at  jack  J8.  A 
schematic  diagram  of  the  Noise  Filter,  including  circuits  used  in  both  Vibration 
and  G-A  operation,  is  shown  in  Fig.  A-3. 

With  the  SYSTEM  switch  on  the  Monitor  Panel  set  at  the  G-A  position  and  a  G-A 
plug-in  unit  in  place,  all  Noise  Filter  components  needed  in  the  G-A  system  are  in 
operation.  In  G-A  operation,  the  Noise  Filter  is  a  single-pole,  R-C  section  with 
a  cutoff  frequency  of  2. 2  times  the  sampling  rate,  or  about  35  kc.  No  adjustment 
of  the  delay  attenuator  or  tuning  capacitor  controls  is  required  with  the  Noise 
Filter  in  the  G-A  mode  of  operation,  because  no  delays  or  tuned  circuits  are  used; 
both  the  time  delay  and  summing  junction  circuits  are  inoperative.  Bandlimlting 
of  the  composite  pulse  train  is  accomplished  with  the  R-C  filter  alone,  and  the 
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resulting  crosstalk  Is  bald  to  a  tolerable  level. 


The  signal  ia  delivered  through  resistors  R2  and  R3  to  both  grids  3  and  8  of 
tube  VI  which  acts  as  a  parallel  cathode  follower.  Output  to  the  R-C  filter  Is 
delivered  to  the  junction  of  resistors  R7  and  R8,  and  output  to  the  Noise  Filter 
Amplifier  is  the  voltage  developed  across  crpacltor  C2  of  the  plug-in  unit. 

D-C  offset  adjustment  is  accomplished  by  a  circuit  composed  of  tube  V2  and 
its  associated  components.  By  varying  the  operating  point  of  V2  with  the  DC 
Offset  no.  1  control,  resistor  R13,  d-c  current  flowing  out  of  the  junction  of 
resistors  R7  and  R8  can  be  changed,  and  the  resulting  I-R  drop  becomes  offset 
voltage.  This  adjustment  is  made  so  that  there  Is  3. 5  (1  0. 5)  volts  offset  be¬ 
tween  jacks  J7  and  Jo.  Offset  conditions  should  always  be  checked  when  changing 
from  one  system  (Vibration  or  G-A)  to  the  other. 

7.  3. 2.  3  Noise  Filter  Amplifier 

The  purpose  of  the  Noise  Filter  Amplifier  is  to  amplify  the  signal  delivered  by 
the  Noise  Filter  so  that  the  peak- to- peak  voltage  with  full  modulation  is  18  (i  1) 
volts.  The  signal  level  must  be  such  that  the  sync  level  (absence  of  data  pulse) 
is  -9. 5  (t  0. 25)  volts.  These  functions  are  performed  by  using  two  6201  dual-trlode 
vacuum  tubes  and  one  6463  dual-trlode  vacuum  tube,  and  their  associated  components. 
The  first  two  cathode- coupled  trlodes  (VI  and  V2)  act  as  a  comparison  amplifier 
that  amplifies  the  difference  of  the  signals  appearing  on  grids  2  and  7  of  VI.  The 
third  cathode- coupled  triode  (V3)  acts  as  a  parallel  cathode  follower  and  furnishes 
a  low  output  impedance.  Zener  diodes  are  used  to  correct  the  d-c  offset  throughout 
the  amplifier.  A  schematic  diagram  of  the  Noise  Filter  Amplifier  is  shown  in 
Fig.  A-4. 

The  signal  is  delivered  to  the  Noise  Filter  Amplifier  at  jack  ,J9  and  applied  to 
grid  2  of  VI.  At  the  same  time,  the  signal  appears  at  grid  7  of  VI  as  feedback  from 
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cathode  follower  V3.  Plate  current  to  VI  la  balanced  by  means  of  DC  Balance 
no.  2.  In  order  to  make  this  adjustment,  It  Is  necessary  to  disconnect  the  Input 
signal  at  Jack  J9.  Test  point  TP3  should  go  to  ground  potential  when  the  adjustment 
is  properly  made. 

The  output  of  plate  6  of  VI  is  delivered  to  grid  2  of  V2,  the  second  cathode- 
coupled  dual  trlode,  through  an  offset  voltage  conti  ol  network  composed  of  diodes 
CRl.  CR2.  and  CR3  which  reduces  the  d-c  voltage  by  180  volts  (  -  10  percent). 
Cathode  2  of  V2  Id  coupled  to  cathode  8,  which  is  next  to  receive  the  signal.  At 
the  same  time,  the  signal  from  the  output  of  V3,  a  part  of  the  amplifier  feedback 
circuit,  appears  on  grid  7  of  V2. 

The  output  from  plate  6  of  V2  is  passed  through  a  second  offset  voltage  control 
network  composed  of  diodes  CR4,  CR5,  and  CR6  which  reduces  the  d-c  voltage  by 
180  volts  (  1 10  percent).  Capacitors  Cl  and  C2  are  used  to  suppress  the  high- 
frequency  noise  generated  In  the  two  Zener  diode  strings. 

The  signal  is  then  applied  to  grid  3  of  cathode  follower  v'3.  The  uuipui  of  this  half 
of  V3  appears  on  cathode  2.  This  output  is  delivered  to  grid  7  of  V2  and  grid  7 
of  VI  through  resistors  R7,  R8,  R9,  and  R13  which  act  as  voltage  dividers  of 
a  feedback  circuit  within  the  Noise  Filter  Amplifier.  This  output  is  also  coupled 
to  jacks  Jll  and  J12.  At  the  same  time,  a  part  of  this  output  is  delivered  to 
grid  8  of  V3  through  resistor  R17  and  variable  resistor  R18.  'he  output  of  this 
half  of  V3  appears  on  cathode  7  and  is  ac-  coupled  to  the  Sync  Separator  the 
Demultiplexer  through  jack  J10.  Capacitor  C4  acts  as  a  blocking  capacitor  to 
prevent  high  voltage  from  entering  the  Demultiplexer. 

There  are  two  adjusting  points  in  this  circuit  in  addition  to  DC  Balance  no.  2, 
which  was  described  earlier.  Both  of  these  points,  resistors  R8  and  R18,  are 
adjusted  with  the  input  from  the  Noise  Filter  connected  to  jack  J9.  Resistor  R8 
(O  erall  Gain)  is  set  so  that  the  peak-tc-peak  voltage  with  full  modulation  is 
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19  (*  1)  volts  at  test  point  TPS.  it  is  advisable  to  recheek  the  adjustment  of 
DC  Balance  no.  2  after  resistor  Rfl  is  adjusted  to  assure  that  ground  potent  a  1  is 
present  without  signal  input.  Variable  resistor  UiS  (a-c  gain)  is  adjusted  so  that 
the  peak-to-peak  voltage  with  full  modulation  is  15  (  *  2)  volts  nl  test  point  TP7. 

The  output  at  Jack  Jll  is  connected  to  the  Reference  Voltage  Optional  Clamp  where 
a  switch  delivers  the  signal  directly  to  the  Datrac  and  the  Gate  Driver  Amplifier 
or  may  be  clomped  to  a  a-c  reference  voltage  before  delivery  to  the  Datrac  and  Gate 

Driver  Amplifier. 

There  are  three  test  points  In  the  Noise  Filter  Amplifier.  Test  point  TP6  furnishes 
a  sampling  point  for  the-  input  from  the  Noise  Filler:  test  point  TP7  furnishes  a 
sampling  point  to  the  a-c  video  output  to  the  Demultiplexer;  and  test  point  TP8 
furnishes  a  sampling  point  to  the  d-c  video  output  to  the  Reference  V  age  Optional 
Clamp. 

The  Noise  Filter  Amplifier  has  three  outputs.  One  output  is  delivered  to  the 
do -coupled  Analog-to-Digital  Converter.  The  signs!  !s  also  fed  rtc  coupled  to  the 
sync  circuits  in  the  Demultiplexer.  Peak-to-peak  amplitude  of  this  signal  is 
15  (  ±  2)  volts.  The  third  output  of  this  unit,  which  is  identical  to  the  output  going 
to  the  Analog-to-Dlgltal  Converter,  is  delivered  to  the  Gate  Driver  Amplifier. 

7.  3,  2.  4  Reference  Voltage  Optional  Clamp 

An  optional  Clamp  circuit  is  included  in  all  Vibration  and  G-A  Ground  Stations  with 
record  capabilities.  The  purpose  of  the  Clamp  is  to  increase  the  reliability  of  the 
station  in  the  record  mode  by  allowing  the  operator  an  optional  method  of  restoring 
the  correct  d-c  record  level  in  case  the  main  d-c  correction  circuit  fails.  A 
schematic  diagram  of  the  Reference  Voltage  Cfctlonal  Clamp  is  in  Fig.  A- 5. 

The  Clamp  circuit  is  contained  in  a  2-3/4  in.  by  2  in.  box  that  is  mounted  on  top 
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of  the  case  containing  the  Reference  Amplifier  In  the  Base  Band  Unit.  The  switch 
position  on  the  clamp  box  is  labeled  CLAMP  -  SERVO.  When  the  switch  Is  in  the 
SERVO  position,  the  clamp  is  eliminated  from  the  circuit,  and  the  reference  level 
is  furnished  by  the  d-c  correction  circuit.  When  the  switch  is  in  the  CLAMP  position, 
the  d-c  correction  circuit  is  eliminated  and  the  clamp  furnishes  the  appropriate 
d-c  correction  level. 

The  clamp  level  ta  fixed  at  -9  (  -  0.  5)  volts  by  an  SV-9  Zener  diode.  In  order 
that  the  d-c  record  levels  remain  approximately  the  same  for  the  CLAMP  or 
SERVO  positions,  the  main  d-c  correction  circuit  must  be  set  up  to  match  the 
clamp  level. 

7.  3.  2.  5  Gate  Driver  Amplifier 

The  Gate  Driver  Amplifier  furnishes  a  gain  factor  of  approximately  0. 33  and  a 
d-c  voltage  offset  so  that  a  zero  signal  at  the  vehicle  multiplexer  results  in  a  zero 
signal  at  the  output  of  the  Demultiplexer.  This  unit  delivers  the  signal  to  the 
Demultiplexer. 

This  amplifier  is  made  up  of  a  comparison  amplifier,  a  positive  peak  limiter,  a 
cathode  follower,  an  offset  control,  and  an  output  clipper.  To  facilitate  switching 
between  the  record  and  reproduce  modes  of  operation,  the  Reference  Amplifier 
low-pasa  filter  is  Included  as  a  part  of  the  Gate  Driver  Amplifier.  A  schematic 
diagram  of  this  circuit  is  shown  In  Fig.  A-6. 

In  the  record  mode  of  operation,  either  the  Reference  Voltage  Optional  Clamp  or  the 
Noise  Filter  Amplifier  furnishes  the  Input  to  the  Gate  Driver  Amplifier.  In  the 
reproduce  mode  of  operation,  the  Datrac  furnishes  the  input  to  the  Gate  Driver 
Amplifier.  The  input  signal  appears  at  jacks  J13  or  J14,  depending  on  the  mode  of 
operation,  and  is  delivered  to  grid  2  of  VI  (a  dual-triode  vacuum  tube  6201  which 
acts  as  a  cathode- coupled  comparison  amplifier)  through  the  resistors  Rl,  R2, 
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and  R3  which  serve  as  a  voltage  divider  and  attenuator.  The  output  of  plate;  6  of 
VI  is  passed  through  diode  CR1  for  offset  voltage  control,  causing  the  voltage  to 
drop  180  volts  ( 1  10  percent).  Capacitor  C3  suppresses  the  high-  frequency  noise 
generated  by  diode  CR1.  The  signal  la  then  passed  through  the  positive  peak 
limiter,  composed  of  variable  resistor  R13  (limiter  bias),  diode  CR2,  and 
capacitor  C4,  and  is  delivered  in  parallel  to  grids  3  and  8  of  cathode  follower  V2, 
a  6463  dual-triode  vacuum  tube.  The  output  of  V2  (cathodes  2  and  7)  Is  passed 
through  a  voltage  offset  adjustment  network  composed  of  diodes  GR3,  CR4,  and 
resistor  R18  (DC  Offset  no.  2).  The  signal  is  then  delivered  to  jack  J17  through 
an  output  clipper  composed  of  diodes  CR5  and  CR7.  This  clipper  prevents  the 
output  to  jack  J17  from  going  beyond  +10  or  "5. 6  volts. 

Also  included  in  the  Gate  Driver  Amplifier  is  she  second  low-pass  filter  for  the 
d-c  reference  feedback  loop.  This  filter  consists  of  resistor  H4  and  capacitors 
Cl  and  C2.  Input  to  the  filter  is  from  the  Reference  Amplifier.  In  the  record  mode 
of  operation,  the  filter  output  is  delivered  to  the  differential  input  of  the  DC  Amplifier. 
In  the  reproduce  mode  of  operation,  since  the  DC  Amplifier  is  not  used  in  this 
mode,  the  filter  output  is  delivered  to  the  differential  input  (grid  7  of  VI)  of  the  Gate 
Driver  Amplifier  through  resistors  Rll  and  R14.  This  unit  filters  out  unwanted 
frequencies  and  prevents  hunting. 

7. 3. 2. 6  Reference  Amplifier 

The  Reference  Amplifier  has  a  variable  gain  from  10  to  2500  to  amplify  die  d-c 
correction  feedback  voltage.  A  gain  of  500  is  normally  used  during  operation  of 
the  Ground  Station  in  the  G-A  mode.  The  output  is  delivered  first  to  the  second 
lov-pasB  filter  contained  in  the  Gate  Driver  Amplifier  and  then  to  the  differential 
input  of  the  DC  Amplifier  in  the  record  mode  of  operation,  or  to  the  Gate  Driver 
Amplifier  in  the  reproduce  mode  of  operation. 

The  circuitry  of  this  amplifier  is  described  in  detail  in  the  Handbook  of  Operating 
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gad  Maintenance  Instructions,  A-  12  DC  Amplifier,  supplied  with  the  Ground  station. 
A  schematic  diagram  of  the  amplifier  la  shown  in  Fig.  A- 7,  Sheets  1  through  3. 

The  input  to  the  Reference  Amplifier  la  of  a  differential  type  with  respect  to  ground 
in  order  to  reduce  ground  loop  problems.  This  input  from  the  DC  Reference  Filter 
Board  in  the  Demultiplexer  appears  at  jack  J25  at  approximately  0  volte  (within  a 
few  millivolts)  when  the  feedback  loop  is  closed.  If  instability  of  the  video  base 
line  is  noted,  the  gain  should  be  reduced  until  stability  is  achieved.  This  instability 
will  be  noted  at  test  point  TP11  in  the  Gate  Driver  Amplifier.  Random  noise  may 
be  present,  but  it  is  filtered  out  by  the  low-pass  filter  In  the  Gate  Driver  Amplifier. 
The  output  at  jack  J23  should  be  0  (  ±  5)  volts  and  must  never  exceed  *  10  volts 
as  this  level  would  represent  lose  of  operation  of  the  d-c  reference  feedback  loop. 
Although  no  damage  to  the  equipment  would  result  with  the  output  approaching 
these  limits  of  -  10  volts,  data  recovery  accuracy  of  the  Ground  Station  would 
suffer  appreciably. 

7.  3.  3  Demultiplexer,  Record  Mode 

A  functional  diagram  of  the  G-A  Demultiplexer  in  the  record  mode  of  operation  is 
shown  in  Fig.  7-16.  The  three  principal  functions  of  the  Demultiplexer  are: 

(1)  to  separate  the  data  sync  pulse  from  the  composite  data  signal  for  use  as  a 
clock  pulse  for  the  Demultiplexer  and  the  Analog-to-Digital  Converter  (Datrac) 
and  to  generate  frame  sync  pulses  from  the  composite  data  signal;  (2)  to  supply 
keying  signals  for  the  Sample  and  Hold  circuitry;  and  (3)  to  sample  the  sync  Interval 
that  appears  on  Channels  1  and  9  and  send  it  through  a  high- gain  Reference  Amplifier 
in  the  Base  Band  Unit  as  a  d-c  correction  voltage  fed  into  the  differential  DC 
Amplifier. 

Since  the  Ground  Station  is  slaved  to  the  vehicle  dock,  a  clock  signal  must  be 
recovered  from  the  composite  pulse  train.  This  is  done  In  the  data  sync  generator 
wher  e  a  pulse  Is  generated  for  every  analog  pulse  and  sync  interval  in  the  PAM 


Revised  25  May  1860  7-79 


LOCKHEED  AIRCRAFT  CORPORATION 


MISSILES  and  SPACE  DIVISION 


LMSD-288025 


pulse  train.  The  phasing  can  be  controlled  to  give  the  appropriate  time  relation 
between  the  clock  signal  thus  generated  and  the  analog  data  pulses  from  the  Btst 
Band  Unit, 

One  output  of  the  data  sync  generator  is  used  to  drive  the  binary  countdown  that  pro¬ 
duces  the  square-wave  signals  used  for  "ANDing*'  purposes  In  the  matrices.  The 
output  of  the  matrices  are  keying  signals  for  the  analog  data  gates  and  the  Sample  and 
Hold  Circuit*  which  receive  their  Input  in  the  form  of  the  PAM  analog  pulse  train 
from  the  Gate  Driver  Amplifier  in  the  Base  Band  Unit.  These  sequential  keying  sig¬ 
nals  to  the  analog  data  gates  are  on  separate  lines  and  are  connected  to  the  appropriate 
analog  data  gates  which  open  and  close  In  correspondence  with  the  keying  signals. 

The  "on”  time  of  any  one  high-frequency  data  gate  Is  the  clock  period,  or  63.  S 
microseconds.  The  "off*  time  is  one  frame  minus  the  clock  period,  or  193?.  ft 
microseconds.  The  "on"  time  for  a  subcommutated  data  gate  Is  the  same  as  die  "on" 
time  for  a  high-frequency  data  gate,  or  62.  ft  microseconds.  The  "off"  time  of  die 
subcommutated  data  gate  is  eight  frames  minus  one  clock  period,  or  IS,  937.  ft 
microseconds. 

To  keep  the  Demultiplexer  in  synchronization  with  the  PAM  pulsa  train  (i.s. ,  to  open 
analog  data  gate  no.  1  when  each  channel  of  the  PAM  pulse  train  la  delivered  from 
the  Base  Band  Unit),  a  frame  synchronization  pulse  is  used.  Frame  synchronisation 
pulses  are  generated  in  the  frame  sync  generator  which  produces  a  pulse  whenever 
a  pulse  is  missing  in  the  PAM  pulse  train.  To  ensure  that  this  pulse  Is  a  valid 
sync  pulse  and  not  a  stray  pulse  as  might  be  generated  in  the  presence  of  r-f  nolso 
Interference  or  a  faulty  multiplexer,  a  certain  amount  of  logic  la  incorporated  into 
the  circuitry. 

Frame  sync  occurs  on  Channels  1  and  9.  Therefore,  any  potential  syno  pulse  is 
delayed  exactly  eight  channels  by  means  of  an  eight -bit  shift  register  and  compared 
in  a  logic  gate  with  other  potential  frame  sync  pulses  being  generated.  This  will 
produce  a  frame  sync  pulse  output  only  when  missing  pulses  occur  exactly  eight 
channels  apart  This  provides  protection  against  the  generation  of  spurious  frame 
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syao  palm  by  faulty  date  puliw.  One*  apparent  frame  aync  has  been  established, 
a  ante  get#  <>  triggered,  which  c pens  to  receive  a  sync  puiae  only  amen  one  le 
expected  aa  determined  by  the  hlgs-trequeccy  binary  countdown  and  matrix.  When 
u>e  sync  pole#  arrives,  it  ohaeee  the  gate  and  blocks  any  apurioue  pulses.  If  the 
sg m  puM  dose  not  arrive  aa  expected,  the  aync  (ate  remalna  open  until  eyno  is 
again  established.  This  logic  performs  the  function  of  blocking  periodic  and 
nonperiodic  false  aync  pulses  as  well  aa  the  suboommutated  sync  pulse,  which 
appears  aa  a  nonperiodic  sync  pulse  to  the  high-frequency  binary  countdown. 

Soboomrautste  frame  sync  occurs  on  Channel  92.  Therefore,  the  train  of  potential 
sync  pulses  la  delayed  exactly  one  channel  by  a  one-bit  shift  register  and  compared 
In  a  logic  gate  with  potential  frame  sync  pulses  being  generated  by  die  Frame  dyne 
Separator.  This  will  produce  a  frame  aync  pulse  output  only  when  missing  pulses 
occur  exactly  one  channel  apart.  These  pulses  are  fed  into  a  keyed  gate  that  is 
triggered  by  die  Channel  1  keying  pulse  from  tile  matrix.  Thus,  after  the  maln- 
ohsnnel  pulse  sequencer  has  been  synchronised,  die  keyed  gate  allows  subcommutated 
sync  pulses  to  pass  through  die  keyed  gate  only  during  Channel  1  time.  The  output 
of  die  keyed  gate  is  delivered  to  a  subcommutated  sync  gate  which  operates  in  the 
same  fashion  as  the  high-frequency  gates  except  that  it  is  controlled  by  die  sub- 
commutated  countdown  and  matrix. 

The  two  signals  appearing  at  die  input  of  the  high-frequency  and  subcommutated 
sync  gates  are  delivered  to  the  Digital  Record  Electronics  for  recording  on  a 
digital  track.  These  signals  are  combined  into  one  line  by  means  of  an  OR  gate. 

7. 3.  8. 1  Data  Sync  Separator 

The  purpose  of  die  Data  Sync  Separator  is  to  extract  data  sync  and  clock  information 
from  die  composite  pulse  train  (a-c  video).  The  Data  Sync  Separator  la  composed 
of  die  following  circuits:  clamp  and  clipper,  band -pass  filter,  pulse  shaper, 
clipper  amplifiers,  one-shot,  emitter  follower,  and  blocking  oscillator.  (For  a 
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schemat  ir  diagram,  aee  Fig.  A-38).  Clock  output  occurs  in  the  form  of  a  square 
wave  or  pulaes ;  data  sync  is  in  the  form  of  pulses  only.  Clock  information  is  in 
time  phase  with  data  sync  information.  Data  sync  output  is  actually  dock  Informa¬ 
tion  which  has  been  delayed  so  that  keying  pulses  for  the  data  gates  occur  at  a 
time  when  inter  channel  crosstalk  is  at  a  minimum.  The  Q  of  the  bend-pass 
filter  is  such  that  clock  and  data  sync  outputs  are  present  when  as  many  as 
approximately  30  consecutive  data  pulaes  are  missing.  Operation  of  the  Deta 
Sync  Separator  oaaaea  whenever  more  than  approximately  30  consecutive  data  pulses 
are  missing. 

The  composite  pulse  train  input  (a-c  video)  from  the  Noise  Filter  Amplifier 
appears  at  pin  J.  It  then  enters  the  clamp  and  clipper  circuit,  which  la  composed 
of  diodes  CK3  and  CR4,  transistors  Q3  and  Q6,  and  associated  components.  Ibis 
circuit  restores  the  d-c  level  to  the  a-c  video  and  clips  it  below  minimum  data  level. 
Resistor  R13  is  adjusted  so  that  positive  peak  dipping  occurs  at  minimum  data 
level,  1. 5  (i  2)  volts.  Test  point  TP1  -  the  junction  of  diode  CR4  and  resistor 
R43-  should  be  observed  when  this  adjustment  is  being  made. 

The  output  from  the  clamp  and  dipper  circuit  passes  through  the  emitter  follower 
composed  of  transistor  Q6  and  reals  tor  R19  into  toe  b  md-pass  filter.  This  bund-pass 
filter  is  a  ringing,  oscillator-type  circuit  in  which  toe  resonant  frequency- is  tout 
of  the  sampling  rate  of  toe  composite  pulse  train.  The  output  level  control  of  the 
clamp- and- cupper  circuit  resistor  tua  is  adjusted  so  mat  toe  peak-w-pe** 
amplitude  of  toe  output  sine  wave  at  the  Junction  of  capacitor  C14  and  diode  CXI 
is  15  ( -  l)  volts.  Fine  tuning  of  the  tank  circuit  is  mads  by  adjusting  capacitor 
C13A. 

The  signal  is  coupled  into  the  pulse  shaping  network  through  capacitor  Cl 4. 
Translators  Q14  and  Q17,  diode  CR7,  and  associated  components  are  a  dual 
emitter  follower  and  damp  dreuit.  Its  output  is  fed  into  the  clipper  circuit 
composed  of  diodes  CR9  and  CR10,  translator  Q19,  and  associated  components. 
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BlUooa  dlodii  CR9  and  CRIO  change  the  tine  wave  from  die  dual  emitter  follower 
Into  an  approximately  square  wave. 


Ifeie  square  wave  Is  coupled  into  the  clipper  amplifiers  through  the  emitter 
follower  transistor  CU9  and  resistor  R52.  There  are  two  satirating-type  amplifier 
stages  sod  two  emitter  follower  stages  in  die  clipper  amplifier  circuitry.  The 
two  amplifiers  are  transistors  Q2  and  Q7  with  their  associated  components;  the 
two  emitter  follower  stages  are  transistors  (  i  and  Q  9  with  their  associated 
components.  The  signal  la  amplified  but  not  inverted,  and  the  output  la  fed  into 
four  succeeding  emitter  follower*  in  parallel.  Output  of  the  clipper  amplifiers, 
which  is  now  *  square  wave,  passes  through  the  emitter  follower  transistor  Q8 
and  assoeltueu  components  to  pin  II  and  through  the  emitter  follower  transistor 
Q10  and  associated  components  to  pin  R.  These  two  clipper  amplifier  output*  are 
then  delivered  as  a  clock  square  wave  to  the  eight-bit  shift  register  (pin  M)  and  to  the 
frame  sync  separator  (pin  R).  Output  of  die  dipper  mpliflers  is  also  fed  to  a  one 
•hot  through  die  emitter  follower  transistor  Q12  and  jsodated  components. 
Positive- goto*  part'  <  of  the  square  wave  trigger  the  one-shot,  which  is  composed 
of  transhuuM  a  QIC  uno  Q18  and  associated  components.  The  variable  delay  of 
approximately  4  to  25  microseconds  la  adjusted  by  resistor  R39  in  such  a  manner 
that  the  data  gates  are  keyed  when  minimum  Interchannel  crosstalk  occurs.  One- 
shot  output  (monitor.  die  junction  of  capacitor  C21  and  resistor  R51)  is  a 
series  of  positive  pulses.  These  pulses  firs  •  blocking  oscillator  composed  of 
transistors  Q13  and  Q16,  transformer  Tl,  and  associated  components.  Output 
of  the  blocking  oscillator  consists  of  data  sync  pulses  which  are  fed  to  the  pulse 
sequencer  and  frequency  divider  at  pin  b.  Finally,  the  output  from  the  clipper 
amplifiers  passes  through  emitter  follower  composed  of  transistor  Q1  end  associated 
components,  differentiating  circuit  capacitor  C4,  diode  CR2,  resistor  R8,  emitter 
follower  translator  Q4,  and  associated  components  to  pin  T.  This  output  is  then 
delivered  as  a  aeries  of  positive  clock  pulses  to  the  Data  Sync  Relay  Record. 
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7.3.3. 3  Frame  Sync  Separator 


The  Frame  Sync  Separator  produoee  a  pulae  wheoover  a  data  pulae  ta  absent  in  the 
oompoalte  pulae  train.  This  unit  la  adjusted  ao  that  whenever  *»>*  level  of  a  data 
pulae  falls  below  a  0. 5-volt  level  with  reference  to  the  base  tins,  a  pulae  la  produced. 
The  unit  ta  made  up  of  the  following  fu£ ottering  olrouite:  d-o  reatorer,  poaltlve  path 
clipper,  adder,  decision  level  Inverting  amplifier,  one  abet,  and  three  btoddng 
oaolllatora.  (For  aehematle  diagram  aea  Fig.  A-55.) 

Tha  oompoalte  pulae  train  (a-e  video)  Input  la  delivered  to  pin  J.  It  la  ten  elampnd 
to  a  few  tenths  of  a  volt,  positive  d-o,  by  means  of  the  d-o  restorer  oompoaed  of 
capacitors  Cl  and  C4,  diode  CHS,  diode  CR11,  and  resietor  SB. 


The  signal  la  than  delivered  to  the  positive  peak  clipper  set  to  clip  below  wlnlmnWi 
data  level,  which  is  approximately  -ft  volte  a*  monitored  a:  teat  point  TF1.  His. 
dipper  la  oompoaed  of  translator  Qi,  diode  CSS,  and  asaoc'ateu  components.  ifca 
clipping  level  la  adjuated  by  varying  resistor  R8.  , 


Clock  square  wave  from  the  Data  Sync  Separator  appears  at  pin  B.  It  ladeltvetddto 

v*  ' 

the  dock  blocking  oscillator  oompoaed  of  transistors  QB  and  ^1, 
and  anaodated  components.  The  output  of  £hls  b’ockteg  oscillator  la 
pin  S  as  reset  pulses  to  the  gtght-ftit  Shift  Racists?,  ft  also  *s  »:•  ik¬ 

ons -shot  oompoaed  of  translators  QS  and  Q9  and  asaodatod  oomponguta.  This 
multivibrator  introduces  a  variable  time  delay  from  4  to  SB  microseconds.  1 Ip 
time  delay  is  set  by  adjusting  resistor  RUB.  The  output  Is  delivered  sa 
to  a  delayed  blocking  oscillator  composed  of  transistors  Q10  and  QH* 

T3,  and  asscoUtod  oomponents. 


The  output  of  this  blocking  oscillator  ia  delivered  to  th 
sistor  RIO.  This  adder  combines  the  dipped  oompoalte  pulse  train  and  delated  data 
sync.  Resietor  ROB  in  te  one-shot  circuit  is  adjusted  so  tel  the  I 
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MocUsg  oscillator  pul— s  (Fig.  8-3)  ar«  centered  on  tbe  data  pul— ■  aa  they  ara 
monitored  at  tost  point  TP3. 

Ttm  output  of  the  adris-t  is  delivered  to  live  dedr  ion  lavsl  Inverting  ampliflar  com¬ 
posed  of  transistors  Q2  wk'  Q3,  dlotla  CRR.  ana  assorts tod  components.  This 
atopHOer  — toots  too  blocking  o*  dilator  puUre  which  coincide  with  the  abaenoe  of 
data  pulses  and  provides?  a  positive -going  puite  to  fire  the  output  blocking  oscillator 
composed  of  txa&MsU  ' -  end  vj$,  transformar  T2,  and  associated  components . 

Tbe  output  blocking  ovotUavW  pro  ndes  composite  frame  syno  pulses  whloh  ere  de¬ 
livered  to  tbe  Eight-Bit  Shift  Register  and  the  Sync  Selector  at  pin  P.  Resistor  Rio 
Is  adjusted  so  that  toe  blocking  oscillator  fires  reliably  whenever  n  data  pul—  is 
absent  and  do—  not  fire  under  any  other  oondltiona.  A  good  setting  of  RIO  would 
be  halfway  between  (1)  the  setting  that  Just  begins  to  fire  the  output  blocking  o  dilator 
at  clock  rate,  and  (SJ  the  setting  that  stops  firing  the  output  blocking  oscillator  at  date 
pul—  absence  rate.  This  setting  out  be  monitored  at  pins  J  and  P  . 

7. 3. 3. 3  Eight-Bit  Shift  Register 

The  purpose  of  toe  Fight-Bit  Shift  Register  is  to  store  data  pul—  absenoe  or  syno 
pul—  information  for  eight  clock  periods  (of  time)  end  pres— t  to  a  succeeding  AND 
gate  direct  and  stored  sync  pul—  outputs. 

This  unit  to  composed  of  a  series  string  o£  nine  delay-ooupied  flip-flops,  four  output 
emitter  followers,  end  a  clock  driver.  The  schematic  diagram  Is  shown  In  Pig.  A -40. 

The  first  flip-flop  mots  as  a  buffer  stage  for  toe  succeeding  eight  units  In  toe  shift 
register.  It  stores  the  syno  pul— a  until  the  dock  shifts  this  Information  Into  the 
first  storage  flip-flop. 

Three  Inputs  are  provided:  reset  (dock)  pul— a  from  the  Frame  Syno  Separator 
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clock  square  wave  from  the  Data  Sync  Separator  appear*  at  pin  M. 


The  reset  pulse  on  pin  S  passes  through  diode  CR1  and  saturates  transistor  Ql. 

When  a  sync  pulse  is  present  at  pin  P,  current  passes  through  diode  CR2  causing 
Q3  to  saturate  and  the  collector  of  transistor  Ql  to  go  to  high  potential.  This  allows 
capacitor  C5  to  charge  through  RIO  because  diode  CR7  is  back-biased  when  transis¬ 
tor  Q2  of  the  clock  driver  is  cut  off  with  a  negative  clock  pulse.  When  transistor  Q2 
is  saturated  with  a  positive  clock  pulse,  diodes  CR7  and  CR8  conduct  because  of  the 
previous  charge  on  capacitor  C6.  This  current  flowing  through  diode  CRB  cuts  off 
transistor  Q4  and  saturates  transistor  Q5,  thus  setting  up  the  first  storage  flip-flop. 


In  a  like  manner,  the  absence  of  a  sync  pulse  will  cause  the  first  storage  stage  to  be 
set  up  in  the  opposite  way  with  transistor  Q5  cut  off  and  transistor  Q4  saturated. 

This  process  continues  through  succeeding  stages  until  the  last  stage  is  reached. 

Two  outputs  are  provided  by  the  output  emitter  followers.  Che  output  represents 
stored  sync  pulses  at  pin  U  for  delivery  to  the  One-Bit  Shift  Register.  The  other  out¬ 
put  represents  direct  sync  pulses  at  pin  K  for  delivery  to  the  One-Bit  Shift  Register. 

7 , 3 . 3 . 4  One-Bit  Shift  Register 


The  purpose  of  the  One-Bit  Shift  Register  is  to  extract  subcommutated  sync  pulses 
from  the  Frame  Sync  Separator  sync  pulses  and  to  combine  them  with  sync  pulses 
from  the  Eight-Bit  Shift  Register.  A  schematic  diagram  of  the  One -Bit  Shift 
Register  is  shown  In  Fig.  A-41. 


This  unit  is  composed  of  two  delay-ooupled  flip-flops.  The  first  flip-flop  acts  as  a 
buffer  stage  and  the  second  as  a  storage  stage.  Also  included  are  two  AND  gates,  an 
OR  gate,  and  a  blocking  oscillator. 
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Five  Input*  are  provided.  Reset  pulses  from  Ue  Frame  Sync  Separator  appear  at 
pin  S.  8yno  pulses  from  the  Frame  Sync  Separator  appear  at  pin  P.  Direct  aync 
pulses  from  the  Sight-Bit  Shift  Register  appear  at  pin  K.  Stored  sync  pulses  from 
the  Eight-Bit  Shift  Register  appear  at  pin  X.  The  clock  square  wave  from  the  Data 
Sync  Separator  appears  at  pin  M. 

The  single  output  consists  of  sync  pulses  for  delivery  to  the  main  frame  Sync  Gate 
and  to  the  Sync  Selector.  These  pulses  appear  at  pin  f. 

The  reset  pulse  on  pin  S  passes  through  diode  CR2  and  causes  transistor  Q2  to 
saturate.  When  a  sync  pulse  is  present  at  pin  P,  current  passes  through  diode  CR3 
causing  Q3  to  saturate  and  the  collector  of  transistor  Q2  to  go  to  a  high  potential . 
This  allows  capacitor  CR  to  charge  through  Rll  because  diode  CR8  1b  back-biased 
when  transistor  Q1  is  cut  off  with  a  negative  clock  pulse.  When  transistor  Ql  is 
saturated  with  a  positive  clock  pulse,  diodes  CR6  and  CR9  conduct  because  of  the  pre¬ 
vious  charge  on  capacitor  C5.  This  current  flowing  through  diode  CR9  cuts  off  tran¬ 
sistor  Q4  and  saturates  transistor  Q5,  thus  setting  up  the  storage  flip-flop.  In  a  like 
manner,  the  absence  of  a  sync  pulse  will  cause  the  storage  stage  to  be  set  up  in  the 
opposite  wr.j  with  transistor  Q6  cut  off  and  transistor  Q4  saturated. 

The  output  of  the  storage  flip-flop  now  passes  through  an  emitter  follower  composed 
of  translator  Q6  and  resistor  R16  into  an  AMD  gate  composed  of  diodes  CR12  and 
CR13  and  resistor  R8.  This  output  corresponds  to  the  presence  of  a  sync  pulse  on 
pin  P  delayed  for  one  bit  of  time. 

An  output  from  the  buffer  flip-flop  Is  taken  from  the  collector  of  transistor  Q2  and 
corresponds  to  the  presence  of  a  sync  pulse  on  pin  P.  It  passes  to  the  AND  gate 
through  the  emitter  follower  composed  of  transistor  Q7  and  resistor  R17,  where  it  is 
ANDed  with  the  Information  from  the  storage  Rip-flop.  The  output  of  the  AND  gate 
(junction  of  CR12,  CR13,  and  R8)  is  a  positive  pulse  which  corresponds  to  the 
presence  of  two  sync  pulses  on  pin  P  one  bit  of  time  apart. 
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This  output  now  passes  Into  an  OR  gate  composed  of  transistors  Q8  and  Q9,  and 
resistor  R20.  The  second  AND  gate,  composed  of  diodes  CRH  and  CP.  15  and  re¬ 
sistor  R19,  ANDa  direct  and  stored  sync  pulses  from  the  Eight-Bit  Shift  Register. 

The  output  of  the  second  AND  gate,  which  corresponds  to  the  presence  of  sync  pulses 
eight  bits  of  time  apart  on  pin  P,  also  passes  to  the  OR  gate.  The  output  of  the  OR 
gate  is  coupled  through  capacitor  C6  to  the  blocking  oscillator  composed  of  tran¬ 
sistors  Q10  and  Qll,  transformer  Tl,  and  associated  components. 

The  output  of  the  blocking  oscillator  is  delivered  to  pin  f  as  sync  pulses  to  the  main 
frame  Sync  Gate  and  to  the  Sync  Selector. 

7 . 3 . 3 . 5  Sync  Selector 

The  purpose  of  the  Sync  Selector  is  to  combine  sync  pulses  for  recording  purposes  in 
such  a  manner  that  only  sync  gate  and  keyed  gate  circuitry  need  be  used  to  produoe 
both  main  and  subcommutated  frame  sync  while  in  the  reproduce  mode .  A  schematic 
diagram  of  the  Sync  Selector  is  shown  in  Fig.  A -42. 

In  G-A,  main  frame  sync  pulses  from  the  high-frequency  sync  gate  appear  on  pin  Z 
and  sync  pulses  from  the  One -Bit  Shift  Register  appear  on  pin  P. 

Sync  pulses  enter  at  pin  P  and  pass  through  an  emitter  follower  composed  of  tran¬ 
sistor  Q1  and  resistors  R2  and  R4.  These  pulses  than  enter  the  gate  circuit,  which 
is  composed  of  transistors  Q3,  Q4,  and  Q5  and  associated  components,  at  the 
emitter  of  Q4.  Series  switch  Q4  and  shunt  switch  Q5  are  keyed  by  a  pulee  amplifier 
composed  of  transistor  Q3  and  resistors  R3  and  R7 .  This  pulse  amplifier  ia  operated 
by  subcommutated  keying  pulses,  which  appear  on  pin  K  in  such  a  manner  that  the 
presence  of  a  keying  pulse  opens  the  gate  and  the  absence  of  a  keying  pulse  closes 
the  gate.  Output  pulses  from  the  gate  are  passed  through  the  emitter  follower  com¬ 
posed  of  transistor  Q7  and  resistor  R12  for  delivery  to  pin  d  as  the  subcommutated 
sync  pulse  to  sync  gate.  Output  pulses  from  the  gate  are  also  passed  through  the 
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follower  composed  of  transistor  v6  and  resistor  Ku  end  are  ooupied  through 
capacitor  C4  for  delivery  to  the  blocking  oscillator,  which  is  composed  of  transistors 
Q8  and  Q8  and  transformer  Tl. 

Sync  pulses  also  enter  at  pin  Z  and  pass  through  emitter  follower  composed  of  tran¬ 
sistor  Q2  and  resistor  R6  and  are  coupled  through  capacitor  C3  for  delivery  to  the 
blocking  oscillator. 

T  o  blocking  oscillator  is  fired  by  current  pulses  from  either  capacitor  C3  or  C4. 

The  poeitive  output  pulses  of  the  blocking  oscillator  are  delivered  to  pin  f  as 
Comp  site  Frame  Sync  for  the  Record  Electronics. 

7. 3. 3. 6  Sync  Cate 

The  purpose  of  the  Sync  Gate  is  to  perml  frame  sync  pulses  to  be  generated  only 
when  such  pulses  are  anticipated.  Sync  pulses  which  are  not  true  sync  pulses  are 
sometimes  produced  by  preceding  sync  separation  circuits  because  of  r-f  interference. 
Therefore,  if  a  pulse  can  be  supplied  to  arrive  at  a  time  when  frame  sync  is  expected 
and  this  pulse  keys  a  gate  that  follows  the  frame  sync  logic  circuitry,  then  the  chance 
of  producing  false  frame  sync  is  greatly  reduced.  This  card  is  made  up  of  two  one- 
shots,  two  blocking  oscillators,  a  flip-flop,  a  dual  emitter  follower,  and  a  gate. 

The  schematic  diagram  for  the  Sync  Gate  is  shown  in  Fig.  A -43. 

There  are  two  inputs  to  the  Sync  Gate.  Keying  pulBes  are  delivered  to  pin  a.  Sync 
pul  sos  from  a  shift  register  AND  gate  are  delivered  to  pin  Z.  Frame  sync  output  is 
on  pin  f.  The  following  is  a  description  of  a  series  of  events  which  take  place  in  the 
Sync  Gate  circuitry. 

The  keying  pulse  from  pin  a  resets  the  flip-flop  composed  of  transistors  Q3  and  Q5 
and  associated  components  so  that  the  output  on  the  emitter  follower  composed  of 
transistor  Q1  and  resistor  R2  (TP2)  Pirns  on  the  gate  composed  of  transistor  Q12 
and  resistors  R36  and  R37. 
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Next,  the  anticipated  sync  pulse  appears  on  pin  2.  It  is  a  positive  pulse  and  it  is 
differentiated  by  capacitor  Cl,  diode  CRl,  and  resistor  &1  so  that  the  positive -going 
portion  of  the  pulse  triggers  the  ons-shot  composed  of  transistors  Q2  and  Q4  and 
associated  components .  This  one-shot  fires  blocking  oscillator  no.  1,  composed  of 
transistors  Q6  and  Q7,  and  transformer  T1  at  a  time  several  microseconds  after  the 
initial  generation  of  the  sync  pulse  In  the  Frame  Sync  Separator.  The  reason  for  this 
delay  Is  that  sync  pulses  generated  in  the  Frame  Sync  Separator  are  approximately  in 
time  phase  with  the  data  sync  and  that  resetting  of  the  pulse  sequencers  by  the  output 
of  the  Sync  Gat©  (pin  f  )  must  occur  slightly  after  triggering  by  data  aync.  Thin  delay 
can  be  varied  between  4  and  25  microseconds  by  adjusting  resistor  R3,  but  the  delay 
is  usually  on  the  order  of  3  (  *1 )  microseconds. 

"  ‘  .  U". 

The  positive-going  output  pulses  of  blocking  oscillator  no,  1  are  delivered  to  the  dual 
emitter  follower  composed  of  transistors  Q0  and  Qll  and  associated  components. 

The  output  level  of  the  dial  emitter  follower  is  seen  at  test  point  TP1,  and  is  adjusted 
by  means  of  variable  resistor  B28  to  10  (+2.5)  volts  pesk-to-peak.  ' 

The  gate  composed  of  transistor  Q12  and  resistors  R36  and  R37,  which  was  opened 
by  the  action  of  the  flip-flop,  passes  a  positive  pulse  that  fires  blocking  oscillator 
no.  2,  composed  of  transistors  Q13  and  Q14  and  transformer  T2. 

The  output  of  blocking  oscillator  no.  2  is  delivered  to  pin  f  as  frame  sync  and  to 
one-shot  no.  2,  composed  of  transistors  Q8  to  Q10  and  associated  components. 
One-shot  no.  2  introduces  a  delay  just  long  enough  to  Insure  that  the  gate  will  pass 
anticipated  frame  sync  pulses.  Variable  resistor  R34  should  be  adjusted  so  that  the 
flip-flop  doses  the  gate  approximately  3  microseconds  after  the  generation  of  a 
frame  sync  pulse  at  pin  f  . 

Essentially  the  Sync  Gate  is  a  gate  which  is  keyed  "on”  by  the  arrival  of  a  pulse 
wl  ich  Just  precedes  the  anticipated  sync  pulse,  it  is  keyed  "off"  if  the  anticipated 
sync  pulse  passes  through  the  Sync  Gate.  If  no  anticipated  sync  pulse  arrives,  the 
Sync  Gate  remains  open  until  an  apparent  sync  pulse  arrives. 
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TvS.S.7  Frequency  Divider 

jurjow  of  the  Frequency  Divider  is  to  divide  the  repetition  rate,  or  frequency, 
of  fkdaec  by  factors  of  two,  four,  or  eight.  Reset  and  set  inputs  are  available  for 
each  of  the  three  cascaded  flip-flops,  or  binary  counters,  so  that  outputs  can  be 

phased  la  say  desired  manner. 

When  it  is  desired  to  operate  pulse  sequencers  at  rateB  below  that  of  clock,  a  fre¬ 
quency  divider  is  inserted  between  the  source  of  clock  pulses  and  a  low-speed  pulse 
sequencer.  As  the  low-speed  sequencers  must  sequence  it  certain  times,  reset 
pulses  nr?” st  be  properly  applied  to  the  flip-flops  in  use.  In  the  O-A  operation,  the 
frequency  is  divided  by  four. 

All  three  flip-flop  stages  and  associated  output  emitter  followers  in  tho  Frequency 
Divider  are  similar.  A  schematic  diagram  is  shown  in  Fig.  A-44.  Special  attention 
should  be  given  the  block  diagrams  because  they  can  best  describe  the  phasing  of  the 
output  in  relation  to  the  Frame  Sync  Reset  pulse  from  the  Sync  Gate. 

7 . 3. 3. 8  Eight-Channel  Pulse  Sequencer 

The  purpose  of  the  Eight-Channel  Pulse  Sequencer  is  to  provide  eight  channels  of 

pulses  in  time  sequence.  Seven  flip-flops  and  eight  AND  gates  are  arranged  to 
accomplish  this  purpose.  A  schematic  diagram  is  shown  in  Fig.  A -45 . 

Hie  output  pulses  of  the  pulse  sequencer  are  used  to  key  data  gates.  The  trigger 
pulses  determine  the  rate  at  which  output  pulses  advance.  The  reset  pulses  deter¬ 
mine  the  phase  of  the  output  pulses  In  relation  to  the  no.  1  output  pulse. 

Hie  AND  gates  are  driven  by  flip-flop  outputs,  which  are  isolated  by  individual 
emitter  follower  stages. 
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7. 3.3.9  Matrix 

The  purpose  of  the  Matrix  is  to  AND  eight  pairs  of  pulses  from  the  Pulse  Sequencers 
to  produce  eight  keying  pulses  for  sample  and  hold  circuits.  A  schematic  diagram  is 
shown  in  Fig.  A-46.  The  Matrix  is  composed  of  16  emitter  followers  and  eight  diode- 
type  AND  gates.  Because  all  gates  are  identical,  only  the  operation  of  the  first  AND 
gate  is  described. 

Positive  pulses  between  the  levels  of  approximately  -IS  and  -5  volts  appear  on  pins  J 
and  Z  and  are  coupled  through  emitter  followers  composed  of  transistor  Ql,  re 
sistor  R3,  and  transistor  Q2  and  resistor  R5,  respectively.  Outputs  of  these  emitter 
followers  pass  to  diodes  CR1  and  CR2.  The  coincidence  of  two  positive  pulses  pro¬ 
duces  a  positive  pulse  at  pin  k  as  a  keying  pulse  to  the  Sample  and  Hold  circuitry. 

7. 3. 3. 10  Data  Gates 

The  purpose  of  the  Data  Gates  is  to  provide  eight  data  gates  which  are  keyed  by  the 
outputs  of  a  series  of  AND  gates.  These  AND  gates  are  in  turn  keyed  by  pulses  from 
pulse  sequencers.  The  Data  Gate  unit  is  made  up  of  12  emitter  followers,  eight  AND 
gates,  and  eight  data  gates.  A  schematic  diagram  of  this  unit  is  shown  in  Fig.  A-47. 

For  any  one  of  the  AND  gates  to  produce  an  output  pulse,  two  ooincident  input  pulses 
must  be  present.  For  example,  to  produce  an  output  from  AND  gate  3,  input  pulses 
must  be  present  at  pins  J  and  V.  Likewise,  for  an  AND  gate  2  output,  input  pulses 
must  be  present  at  pins  j  and  X. 

All  AND  gates  are  composed  of  a  single  diode  and  a  single  resistor  and  possess  two 
inputs  and  one  output.  One  input  on  each  AND  gate  1  through  4  are  tied  together  and 
receive  input  from  pin  j  through  the  emitter  follower  composed  of  transistor  Q2  and 
resistor  R3.  In  a  like  manner,  one  input  on  each  AND  gate  S  through  8  are  tied  to¬ 
gether  and  receive  input  from  pin  M  through  the  emittt  .•  follower  composed  of  tran¬ 
sistor  Q7  and  resistor  R9.  The  other  input  on  each  AND  gate  1  through  8  receive 
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Inputs  from  appropriate  pins  and  emitter  followers.  Outputs  of  AND  gates  1  and  8  are 
ouuoied  through  emitter  followers  to  pins  d  and  K,  respectively,  as  keying  pulse 
outputs.  These  outputs  key  individual  data  gates  1  through  8. 

A  data  gates  are  identical.  Each  data  gate  la  composed  of  an  Inverting  pulse  ampli¬ 
fier,  a  shunt  translator  switch,  and  a  aeries  translator  switch.  Data  gate  1  will  serve 
as  an  example  of  circuit  operation. 

AND  gate  1  output  pulse  rises  and  falls  between  -IS  and  -5  volts.  When  the  voltage  is 
greater  than  approximately  -10  volts,  transistor  Q21  is  turned  on.  The  collector  of 
this  translator,  which  serves  as  an  Inverting  pulse  amplifier,  drops  to  approximately 
-10  volts.  This  voltage  turns  off  transistor  Q29  and  turns  on  transistor  Q13.  Tran¬ 
sistor  Q29  is  the  shunt  switch  and  Q13  is  the  series  switch.  When  the  output  from  the 
AND  gate  drops  below  approximately  -10  volta,  transistor  Q13  turns  off  and  turns 
on  Q29. 

Whenever  an  output  from  an  AND  gate  appears,  the  data  gate  will  open  and  d-c  video 
from  the  Gate  Driver  Amplifier  will  appear.  Whenever  there  is  no  AND  gate  output, 
the  data  gate  output  will  present  a  short  circuit  with  respect  to  ground. 

The  gated  outputs  from  data  gates  1  through  8  are  delivered  to  appropriate  pins  for 
delivery  to  display  electronics. 

7.3.3.11  Pulse  Set 

The  purpose  of  the  Pulse  Set  circuit  is  to  convert  three  sets  of  input  pulses  into  three 
setB  of  output  pulses  in  the  proper  form  to  operate  the  flip-flop  circuitry  of  succeed¬ 
ing  pulse  sequencers .  A  schematic  diagram  is  shown  in  Fig.  A -48.  The  three 
Inputs  are  the  clock  square  wave  from  the  Data  Sync  Separator,  the  square  wave  from 
the  Frequency  Divider,  and  the  subcommutated  pulses  from  the  Low-Speed  Sequencer. 
The  clock  square  wave  from  the  Data  Sync  Separator  has  a  variable  delay  added.  The 
other  two  inputs  remain  essentially  undelayed. 
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The  clock  square  wave  input  appears  on  pin  M  (or  delivery  to  the  pulse -shaping 
circuit  composed  of  transistors  Ql,  Q2,  Q3,  and  associated  components.  The 
positive-going  portions  of  the  square  wave  are  converted  into  positive  pulses  which 
are  fed  through  capacitor  C3  to  the  one-shot  composed  of  transistors  Q4,  Qfi,  Q6, 
and  associated  components.  Positive  one-shot  output  pulses,  which  are  delayed  by 
an  amount  determined  by  an  adjustment  of  resistor  R20,  appear  at  the  junction  of 
capacitor  C7  and  resistor  R15,  This  delay  is  set  so  that  the  keying  pulses  for 
succeeding  sample  and  hold  circuitry  arrive  at  a  time  which  produces  minimum 
crosstalk. 

These  one-shot  pulses  fire  a  blocking  oscillator  composed  of  transistors  Q7  and  Q8, 
transformer  T1 ,  and  associated  components .  Blocking  oscillator  output  pulses  are 
delivered  to  pin  b  as  data  sync. 

Input  from  the  4:1  Frequency  Divider  appears  at  pin  K  for  delivery  to  emitter 
follower  Q9  and  associated  components.  Its  output  is  differentiated  by  capacitor  Cll, 
resistor  R26,  and  diode  CR8  so  that  positive-going  portions  of  the  square  wave  be¬ 
come  positive  pulses  at  the  Junction  of  capacitor  Cll,  resistor  R?o,  and  diode  CR8. 

The  blocking  oscillator  composed  of  transistors  Q10  and  Qll  and  transformer  T3, 
and  associated  components  is  fired  by  the  pulses  from  the  differentiating  circuit. 

The  output  of  the  blocking  oscillator  is  delivered  to  pin  d  as  trigger  pulses  to  Low- 
Speed  Sequencer. 

Subcommutated  pulses  from  the  Low-Speed  Sequencer  appear  at  pin  R  for  delivery  to 
an  emitter  follower  composed  of  transistor  Q12  and  associated  components.  Positive¬ 
going  portions  of  emitter  follower  output  pulses  are  differentiated  by  capacitor  C17, 
resistor  R34,  and  diode  CR11  and  fire  the  blocking  oscillator  composed  of  transistors 
Q13  and  Q14,  transformer  T2,  and  associated  components.  Blocking  oscillator  pulses 
are  delivered  to  pin  h  as  trigger  pulses  to  the  subcommutated  pulse  sequencer. 
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T.i.3.12  D*ty  Cycle  E 

Tbs  puqpoM  at  Duty  Cycle  n  U  to  provide  gate  keying  pulses  with  the  proper  duty 
holer  to  ho  rood  as  AMDtng  pulses  with  signals  iron  the  sequencers  or  matrioos. 

Ths  Doty  Cyois  D  is  aosd  in  rooord  and  reproduce  modes  of  oparation.  A  schematic 
diagram  is  shown  la  Fig.  A-49. 

Positive  pulee*  from  tha  sequencers  appear  at  pin  b  for  dsllvsry  to  one-shot  no.  l 
composed  of  transistors  Q1  and  Q2  and  assooiatsd  components.  The  output  of 
one-sbcrt  no.  1  goes  through  an  emitter  follower  compos  J  of  translator  Q3  and 
resistor  R12.  One  output  of  the  emitter  follower  turns  off  translator  Q9  in  the  flip- 
flop  composed  of  tranststora  Q8  and  Q8  and  associated  components.  The  second  out¬ 
put  of  this  emitter  follower  passes  through  emitter  follower  composed  of  transistor 
Q4  and  resistor  R13  to  trigger  one-shot  no.  2  oomposed  of  transistors  Q6  and  Q6  and 
assooiatsd  components.  The  output  of  one-shot  no.  2  passes  through  emitter  follower 
oomposed  of  transistor  Q7  and  resistor  R23  and  turns  off  transistor  Q8  of  the 
flip-flop.  Between  the  times  that  transistors  Q8  and  QB  are  turned  off,  the  collector 
of  translator  Q8  and  the  output  of  emitter  follower  composed  of  transistor  Q10  and 
resistor  R33  will  go  positive  from  approximately  -15  volts  to  approximately  -5  volts. 

The  output  of  emitter  follower  QIC  la  delivered  to  pin  e  as  gate  keying  pulses  to  the 
Matrix  boards. 

The  delay  of  one-shot  no.  1  is  varied  by  adjusting  variable  resistor  R7;  its  output 
determines  the  time  of  the  positive  rise  of  the  gate  keying  pulse  on  pin  e.  The  delay 
of  one-shot  no.  2  Is  varied  by  adjusting  variable  resistor  R18;  its  output  determines 
the  negative  fall  of  the  gate  keying  pulse  on  pin  e. 

7 . 8. 3. 13  Data  Sync  Delay  Record 

the  Data  Sync  Delay  Record  circuit  delays  the  clock  pulses  so  that  sampling  in  the 
Datrac  occurs  at  a  time  when  crosstalk  is  at  a  minimum.  At  this  time,  the  Data  Sync 
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Delay  Record  delivers  a  command  puis#  to  the  Dairao.  A  schematic  diagram  o I  the 
Data  Sync  Delay  Record  circuit  ia  shown  In  Fig.  A-50. 

This  olrcuit  Is  composed  of  a  one-shot  whioh  provides  variable  delay,  a  blocking 
oscillator,  and  an  emitter  follower. 

The  input  of  positive  clock  pulses  from  the  Data  Sync  Separator  is  at  pin  a.  The 
pulses  are  delivered  through  an  emitter  follower,  oomposed  of  transistor  Q1  and 
resistor  R3,  to  the  one-shot  where  a  suitable  delay  Is  added  to  the  olook  information. 
Delays  from  approximately  4  to  25  microseconds  are  obtained  by  adjusting  resistor 
R5.  The  output  of  the  one-shot  is  ooupled  through  oapacltor  C 8  to  the  blocking 
osolllator. 

Positive  Datrao  command  pulses  leave  the  blocking  oscillator  at  pin  N. 

*  A 

7 . 3. 3. 14  DC  Reference  Filter 

The  purpose  of  the  DC  Reference  Filter  Is  to  provide  filtered  error  voltage  to  the 
Reference  Amplifier  whenever  there  Is  a  tendency  for  the  d-o  level  of  the  data  pulses 
to  depart  from  the  preset  level.  A  schematic  diagram  of  this  clrouit  is  shown  in 
Fig.  A-51.  It  is  composed  of  an  AND  gate,  a  aero  voltage  adjust,  a  250 -cycle 
low -pass  filter,  and  a  sample  and  hold  circuit  mads  up  of  a  dual  emitter  follower,  a 
bilateral  charging  olrcuit,  a  keying  circuit,  and  cascaded  emitter  followers. 

The  sync  level  from  Channel  9  appears  on  pin  H  for  delivery  to  the  sample  and  hold 
circuit  which  is  described  in  Paragraph  7. 3.4. 

The  sync  level  is  stretched  so  that  a  nonserrated  waveform  appears  at  the  output  of 
the  sample  and  hold  circuit  for  delivery  to  the  aero-voltage  adjust  network  composed 
of  resistors  R18,  R19,  R20,  andR21. 
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Ragtag  pulses  for  the  and  hold  oircuit  which  ooincida  with  the  Channel  9  oyno 

liwl  arc  produced  by  tha  AND  gate  oompoeed  of  diodes  CHS  and  CR4  and  rsaiator  R3. 
Ths  AND  gats  reoelvee  its  input  from  pulas  sequencers  or  matrloaa  on  pins  d  and  e. 

Tha  sero-voltags  adjust  network  injaota  a  small  adjuatabla  rafaranoa  voltage  Into  the 
«jnnia  mh  nufami.  This  reference  voltage  is  adjusted  by  means  of  variable 
reals  tor  R20. 

Tha  output  at  the  aero -voltage  adjust  network  la  delivered  to  a  250 -ope  low-pass 
filter ,  where  the  voltage  ia  smoothed. 

11m  output  of  the  250 -ops  low -pass  filter  la  delivered  to  pin  f  as  an  error  voltage  to 
the  Referenoe  Amplifier. 

7. 8. 4  Semple  and  Hold  Output  Circuits 

The  Sample  and  Hold  circuitry  (Fig.  7-17)  la  used  to  sequentially  sample  the  demulti¬ 
plexed  series  of  pulses  from  the  analog  data  gates  in  tha  Demultiplexer  and  provide  a 
low  output  impedance  to  drive  the  external  equipment.  Keying  signals  to  control 

sample  and  hold  circuits  are  derived  from  ths  binary  countdown  and  matrices 
in  the  Demultiplexer. 

Data  pulses  appearing  on  the  various  output  lines  of  the  data  gates  are  sampled  at 
peak  level  and  the  resulting  potential  is  stored  in  a  capacitor  until  the  next  data  pulse 
is  sampled,  at  which  time  the  potential  on  the  capacitor  rises  or  falls  to  the  new  level. 
The  direct  and  suboommutated  data  are  treated  In  a  like  manner.  A  set  of  cascaded 
emitter  followers  Is  driven  by  the  potential  of  each  capacitor  so  that  sufficient 
current  la  supplied  to  drive  s  600-ohm  load  without  excessive  deterioration  of  the 
oapaoltor  potential. 

These  circuits  perform  the  same  function  and  operate  in  the  same  fashion  when  the 
Ground  Station  is  in  the  record  or  reproduce  modes  of  operation. 
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T.S.4.1  Sample  and  Hold 

Tfc#  ■pedfic  pupoM  o f  the  Sunpic  And  Hold  circuit  is  to  lu&pts  tin,  dsts  voltage  over 
«  brief  teterrel  of  time  sad  than,  through  memory,  to  reUln  this  level  unUl  a  new 
sample  Is  mads.  Upon  the  arrival  of  a  keying  pulse  that  initiates  another  sampling, 
tha  output  of  the  Sample  and  Hold  changes  to  the  new  data  level  and  remains  at  that 
level  until  the  next  sampling  la  performed. 

Ihrec  Identical  sample  and  hold  circuits  are  contained  on  each  card,  therefore,  only 
one  sample  and  hold  circuit  will  be  discussed.  A  schematic  diagram  of  the  Sample 
and  Hold  la  shown  in  Fig.  A-52.  Each  sample  and  hold  circuit  is  composed  of  a  dual 
emitter  follower,  a  keying  circuit,  a  bilateral  charging  circuit,  and  cascaded  emitter 
followers. 

Two  states  exist  in  the  sample  and  hold  circuit.  One  is  the  memory  state  when  output 
is  constant  with  its  level  determined  by  the  value  of  the  data  during  a  preceding 
sampling  Interval.  The  other  state  is  the  sampling  state  and  is  of  very  short  duration 
when  compared  with  the  duration  of  the  memory  state.  The  sampling  state  exists 
whenever  the  level  on  pin  k  rises  above  -10  volts.  The  memory  state  exists  whenever 
the  level  on  pin  k  falls  below  -10  volts.  Keying  pulses  from  the  Matrix  arc  positive 
and  between  the  levels  of  approximately  -IS  and  -5  volts. 

In  the  sampling  state,  when  voltage  on  pin  k  is  greater  than  -10  volts,  it  turn  ?  on 
translator  Q3.  With  translator  Q3  turned  on,  the  Junction  of  resistors  R4,  Rfc  and 
R7  goes  to  approximately  -10  volts.  This  voltage  turns  off  transistors  Q4  and  ^5. 
When  translator  Q5  la  off,  the  junction  of  resistors  RIO  and  Rll  goes  to  approxi¬ 
mately  +20  volte  and  transistor  Q6  is  turned  off.  With  transistors  Q4  and  Q6  off,  the 
data  input  from  pin  h  is  permitted  to  flow  through  an  emitter  follower  composed  of 
transistor  Qi  and  reaiator  Rl  and  transistor  Q7  of  the  bilateral  charging  circuit  and 
also  through  emitter  follower  transistor  Q2  and  resistor  R3,  and  transistor  Q8  of  the 
bilateral  charging  circuit.  If  the  Initial  charge  voltage  on  capacitor  Cl  is  less  th^ 
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the  data  voltage  on  the  base  of  translator  Q7,  current  will  flow  through  resistor  R12 
and  transistor  Q7  until  the  voltage  an  capacitor  Cl  Is  approximately  equal  to  the  base 
voltage  a£  transistor  Q7.  If,  on  the  other  band,  the  charge  voltage  on  capacitor  Cl 
Is  greater  than  the  data  voltage  on  transistor  Q8,  current  will  flow  from  capacitor  Cl 
through  translator  Q8  and  resistor  R13  until  the  voltage  on  capacitor  Cl  Is  approxi¬ 
mately  equal  to  the  base  voltage  of  transistor  Q8. 

Bn  storage  state,  when  the  voltage  an  pin  k  is  less  than  approximately  -i0  volts, 
transistor  Q3  is  turned  off.  With  transistor  Q3  off,  tea  Junction  of  resistors  R4  R6, 
and  B7  goes  positive  and  transistors  Q4  and  Q5  are  turned  on.  When  translator  QS  la 
turned  on,  the  J motion  of  resistors  RIO  sad  Rll  falls  to  0  volte  and  turns  transistor 
Q6  on.  With  translator Q4  and  Q6  on,  the  base  of  translator  Q7  dro  ■*  to  approximately 
-7  volts  and  the  base  of  transistor  Q8  rises  to  approximately  + 10  volte.  Transistors 
Q7  and  Q8  are  now  turned  off  and  translators  QI  and  Q2  ^mitter-to-baae  junctions  are 
back-biased  provided  that  the  data  on  pin  h  does  not  exoeud  the  limits  of  approximately 
+7  and  -5  volts.  Effectively,  the  charge  voltage  on  capacitor  Cl  is  now  isolated  from 
the  effects  of  discharge  resistance . 

Output  is  taken  through  cascaded  emitter  followers  composed  of  translators  Q9,  Q10, 
and  QU,  and  realators  R14  and  R43  and  delivered  to  pin  T  as  Sample  and  Hold  output 
to  the  display  unit. 

Complimentary  type  circuitry,  used  for  the  dual  emitter  followers  and  the  bilateral 
charging  circuits,  provide  low  Input  to  output  voltage  drops  and  high  charging  currents 
to  die  holding  capacitor  Cl.  The  value  of  capacitor  Cl  is  laboratory  selected  to  best 
match  the  holding  interval  required  of  the  application. 

7. 3. 4.  2  Plus /Minus  10-Volt  Regulator 

The  purpose  of  the  Plus /Minus  10-Volt  Regulator  is  to  provide  +  ’0  and  -10  volts  at 
approximately  S  amperes  maximum  to  the  Sample  and  Held  circuitry.  Two  80-watt 
Zener  diodes  and  appropriate  heat  sinks  are  required  for  each  board.  A  schematic 
diagram  Is  shown  In  Fig.  A -53. 
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7.3.5  Anelog-to-Plgltcl  Converter 

Hub  Analog-to-Dtgisal  Converter  (Dstruo)  oonverta  every  pulse  of  the  PAM  composite 
pulse  tnir  Into  e  uios-bit  digital  word. 

Inoludad  In  die  Analog-to  -Digital  Converter  is  a  sample  and  hold  circuit  that  samples 
the  peak  value  of  every  pulse  and  holds  It  for  digitisation.  This  olrouit,  which  is 
controlled  by  the  data  sync  pulses  from  the  Demultiplexer,  is  turned  on  for  approxi¬ 
mately  S  mioroneoondn  by  the  data  syno  pulse  and  holds  for  approximately  S3 
micro  second).  After  a  short  stabilising  interval,  the  converter  operates  at  a  rate  of 
2  microseconds  pur  bit  and  oonverts  the  sample  and  hold  signal  Into  s  nine-bit 
digital  word  in  15  misroseooads.  These  nine  bits  are  temporarily  stored  and  applied 
to  the  Digital  Record  Kl*otronloa. 

The  theory  of  operation  and  maintenance  prooedures  for  the  Datrao  are  described  in 
detail  In  the  Instruction  manual  Datrao  Aaalog-to-Pigttal  Converter  published  by 
Spsoo,  Ino. .  Boston,  Maes.  Modifications  made  in  the  Datrao  are  described  In  this 
manual.  Schematic  diagrams  of  the  modification*  are  shown  in  Figs.  A-20.  A-21, 
A-22,  A -23,  and  A -24, 


fa  performing  foe  function  of  recording  and  reproducing  information  for  the  PAM-FM 
Ground  Station,  it  is  necessary  to  convert  analog  Information  into  digital  form  for 
recording  and  to  oonvert  digital  Information  into  analog  form  for  reproduction,  The 
conversion  process  is  accomplished  by  s  device  supplied  by  Epsoo,  Ino. ,  under  the 
trade  name  of  Datrao.  The  model  supplied  for  use  in  the  Ground  Station  la  the 
B-6098M2,  modified  for  the  special  requirements  of  the  Ground  Station.  The  Datrao 
B?09SM2  (a  modified  version  of  Modal  B-611)  is  documented  in  an  inatruotion  manual 
for  the  Datrao  Anaicg-to-Digital  Converter,  Models  B-611  and  B-313.  The  purpose 
here  is  to  document  those  modifier  tlc^j  made  to  the  B-611  and  the  B609SM3  for  use 
!n  ihe  PAM-FM  Ground  Station. 
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The  modifications  Include: 

•  Addition  of  special  high-speed  sample  and  hold  circuitry 
e  Addition  of  relays  for  converting  between  digital  -to-analog 
and  analog -to -digital  mode  l 

e  Increase  in  gain  of  analog  output  clroultry  so  that  input  and 
output  level  (+10  volts)  is  the  same 
e  Reduction  of  noise  during  digital -to-analog  operation 
e  Removal  of  first  and  second  bits  of  the  11 -bit  total 
e  Addition  of  monitor  points  to  all  outputs  to  Reoord  Amplifiers 
e  Addition  of  separate  output  connectors  for  the  following  signals; 

(1)  D&trac  command 

(2)  Conversion  complete 

(3)  Serial  pulse  train 

(4)  Analog  output 

A  brief  description  of  the  two  modes  of  operation  of  the  modified  Detrac  will  bn 
included  here. 

In  the  analog-to-digiial  mode  of  operation,  the  first  event  to  occur  is  the  arrival  of  a 
Datrac  Command  pulse.  This  pulse  does  three  things:  (1)  starts  the  sampling 
process  by  operating  the  sample  and  hold  switch-driver  clroultry,  (2)  starts  the 
digitization  process  whioh  actually  begins  with  the  third  of  11  bita  approximately  6 
microseconds  later,  and  (3)  clears  all  digital  data  from  the  previous  conversion. 

Bits  1  and  2  have  been  removed  from  the  11-blt  converter  in  order  to  give  nine-bit 
information  and  to  allow  stabilization  of  the  sample  and  hold  circuitry  and  the  ampli¬ 
fier  following  the  sample  and  hold.  The  sampling  interval  begins  with  the  arrival  of 
the  Datrac  command  pulse  and  lasts  approximately  1.5  microseconds.  The  memory 
of  the  sample  and  hold  circuitry  then  holds  data  voltage  for  approximately  23.0  micro¬ 
seconds,  at  which  time  digitization  Is  complete  and  a  conversion  complete  pulse 
(used  to  clock  data  on  to  the  magnetic  tape)  is  produoed.  Digitization  of  nine  bits, 
beginning  with  the  third  and  ending  with  the  eleventh,  is  performed  at  the  rate  of  one 
bit  for  every  2  microseconds. 
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to  the  digital -to -analog  mode  of  operation ,  oon version  in  completed  in  only  6  nucro- 
eeoaMto.  to  tola  parooess,  the  first  event  to  occur  is  the  arrival  of  a  dear  pulse  from 
the  Delej  Command  Pulse  circuit  oontalned  in  the  Digital  Reoord  and  Reproduce 
Cleefcroeloe.  The  next  event  tc  >cour  is  the  application,  in  parallel,  of  nine  bits  of 
digital  <tofea  from  the  Oats  Storag.  and  Gate  circuits.  As  the  last  event,  approxi¬ 
mately  1  mioroeeoonde  later,  analog  data  appears  for  delivery  to  the  Demultiplexer. 

riftri  f-li  illustrates  toe  anal og-to -digital  conversion  sequence.  The  externally 
gyl‘1-1  eeesmaad  pelae  initiates  digitisation  and  sampling  and  the  timing  of  the 
dlgltUMMMen  sf  ufcto  iadl-ridual  bits  of  information.  Completion  of  the  cr  aversion  Is 
UMftwi  hy  a  eeneereka-oompiete  pulse  after  a  total  elapeed  time  of  approximately 

SA  i  mftceoeeeeeds. 

The  aAvbhnl  shuts  rstnus  neoeeeary  to  make  the  Datrae  B-611  compatible  with  the 
PAM-PM  Green  if  Station  ere  dtsousaed  in  the  following  paragraphs. 

la  nailer  to  record  toe  value  of  date  pulses  with  a  minimum  of  crosstalk,  this  data 
asset  he  se-grted  to  as  short  a  time  aa  possible.  The  special  high-speed  sample  and 
hold  circuitry  in  only  1. 5  microseconds  and  holds  data  value  for  as  long  a 

as  in  necessary  to  perform  digitization,  l.e. .  for  24.5  microseconds.  The 
sample  and  hold  equipment  is  contained  on  two  plug-in  chassis.  Chassis  no.  l  con¬ 
tains  an  input  composed  of  an  operational  amplifier  and  associated  network. 

Chassis  no.  2  a  blocking  oscillator,  a  switoh  driver,  a  switch,  a  holding 

capacitor,  a  bias  current  source,  and  an  operational  amplifier  and  associated 
network. 

Analog  voltage  from  the  Base  Band  Unit  appears  on  terminal  32  of  Chassis  no.  1 
(Fig.  A-20)  for  delivery  to  the  operational  amplifier  and  network  composed  of  re¬ 
sistors  Hi,  R2,  R3,  R4,  R8,  and  R7.  The  operational  amplifier  is  composed  of 
one -half  of  vacuum  tube  V3,  vacuum  tubes  VI  and  V2,  and  associated  components. 
The  gain  of  this  combination  of  operational  amplifier  and  network  is  -1  as  the  ratio 
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of  R./R.  ifl  unitv.  Its  out  rat  t  [■  dplivAmrl  to  tH«  noth /via  fnl  1  noiA« 
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of  vacuum  tube  V9  and  aasoclatad  component*.  The  output  of  this  cathode  follower  la 
delivered  to  terminal  24  and  then  *o  terminal  14  on  Chaaal*  no.  2  as  Input  to  a  diode 
switch  composed  of  vacuum  tubes  V4  and  VS.  The  overall  gain  from  terminal  32  to 
terminal  24  on  Chassis  no.  1  la  approximately  0. 85.  The  output  at  terminal  24  Is  be¬ 
tween  approximately  +15  and  -5  volts. 

Datrac  command  pulses  from  Chassis  no.  8  appear  on  terminal  12  of  r.hyi«  no.  2 
for  delivery  to  a  blocking  oscillator  composed  of  vacuum  tube  V6,  transformer  Tl, 
and  associated  components .  These  Datrac  command  pulses  of  +20  volts  amplitude 
override  the  -15>volt  bias  on  grid  2  of  V6  and  force  current  to  flow  from  cathode  3  of 
V6  through  capacitor  C6  to  produce  positive  voltage  on  grid  7  of  V8.  Current,  now 
flowing  through  transformer  Tl  to  plate  9  of  V6,  induces  voltage  across  resistor  R86, 
further  increasing  the  positive  voltage  on  grid  7  of  V6.  The  right  half  of  vacuum  tube 
V6  conducts  until  the  charge  on  capacitor  C6  drops  enough  to  return  the  tube  to  the 
cutoff  state . 

The  resulting  blocking  oscillator  pulse  is  delivered  to  transformer  T2  of  the 
switch-driver  circuitry  which  is  composed  of  transformer  T2  and  vacuum  tubes  V7 , 
V8,  and  V9.  Transformer  T2  provides  positive  and  negative  pulses.  The  positive 
pulse  is  delivered  to  a  oathode  follower  composed  of  vacuum  tube  V8  and  resistor 
R32,  and  the  negative  puise  is  delivered  to  a  cathode  follower  composed  of  vacuum 
tube  V7  and  resistor  R33.  The  network  composed  of  resistors  R34  and  R35  and 
capacitor  C7  provides  approximately  +37  volts  of  bias  to  vacuum  tube  V7 .  The 
network  composed  ol  resistors  R36  and  R37  and  oapaoitor  C8  provides  approximately 
-30  volts  of  bias  to  vacuum  tube  V8. 

If  no  pulses  are  being  delivered  to  the  switch-driver  circuitry,  sufficient  ourrent 
flows  through  resistor  R20,  diode  vacuum  tube  V9,and  cathode  follower  V8  to  produce 
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iwrwrtmiteh  *20  volt*  an  thm  idatss  of  vacuum  tubes  Vi  8ud  VS  of  ths  died*  switch. 
UktwlMi  sufficient  current  flows  from  cathode  follower  V7  and  diode  V9  and  through 
resistor  R38  to  produce  approximately  +40  volte  on  toe  oathodea  of  V4  and  V5  of  the 
diode  a  witch.  Under  these  conditions,  diodes  V4  and  VS  are  nonoonduotlng  and 
holding  oapaoltor  C9  is  effectively  tied  to  the  open  grid  7  of  vacuum  lube  VI 0. 

When  pulses  are  delivered  to  the  switch- driver  from  toe  blooklng  oscillator,  bias 
voltages  tor  V7  and  V8  are  overridden  so  that  the  currents  In  both  halves  of  diode 
VS  are  Interrupted  tor  the  duration  of  the  sampling  Interval,  1.  e. ,  for  approximately 
1. 5  microseconds.  This  means  that  current  flows  from  +300  volts  at  terminal  2 
through  resistor  R38,  both  halves  of  diodes  V4  and  V5,  and  through  resistor  R39  to 
-300  volts  on  terminal  3.  With  toe  diode  bridge  conducting,  data  from  Chassis 
no.  I  permits  supply  current  to  charge  holding  capaoitor  C9  to  data  level. 

The  voltage  level  which  appears  on  holding  capaoitor  C9  is  delivered  to  the  open 
grid  7  of  vacuum  lube  V10  of  the  operational  amplifier  oemposed  of  vacuum  tubes 
V10,  VI 1,  and  V12,  and  associated  components.  Gain  of  this  combination  of 
operational  amplifier  and  the  network  composed  of  resistors  R61,  R62,  and  R63 
is  adjusted  by  varying  R63.  Overall  gain  is  adjusted  to  approximately  3. 0.  The 
sampled  output  ie  delivered  to  terminal  25  of  Chaasia  no.  2  as  the  input  voltage  to 
toe  Datrao  summing  junction. 
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Digital  Record  Electronics  (Fig.  7-11)  are  used  to  reoord  the  digital  word  generated 
by  the  Datrac,  the  composite  frame  sync,  and  the  clock  signal  In  parallel  In  Non- 
Return-to-Zero  (NRZ)  form  on  the  magnetic  tape  on  oommand  of  the  oonvereloo- 
cCmplete  pulse  from  the  Datrac. 

The  conversion-complete  pulse  occurs  approximately  0. 8  microseconds  after  the 
digitization  is  oomplete.  This  pulse  Is  amplified  and  delivered  as  a  clock  signal  to  all 
digital  record  amplifiers.  This  signal  Is  also  reoorded  on  one  of  the  digital  tracks  as 
the  clock  signal.  In  addition,  it  Is  used  to  reset  the  frame  sync  storage  circuit. 

Composite  frame  sync  Is  applied  to  the  frame  sync  storage  circuit  which,  In  turn, 
applies  a  "one"  to  the  Digital  Reoord  Amplifier.  The  occurrence  of  a  conversion - 
complete  pulse  will  dock  this  information  onto  the  tape  from  the  Digital  Reoord 
Amplifier  and  also  reset  the  frame  sync  storage  circuit  to  the  "zero"  state;  thus, 
succeeding  conversion-complete  pulses  do  not  change  the  magnetisation  of  the  tape 
until  a  new  composite  frame  sync  pulse  resets  the  frame  sync  storage  to  the  "one" 
state. 

The  binary  bltB  from  the  Datrac  are  applied  and  held  to  the  appropriate  Digital  Reoord 
Amplifier.  The  conversion-complete  pulse  Interrogates  these  Inputs  and  causes  a 
change  in  the  state  of  the  magnetization  of  the  tape  If  a  "one"  is  presented  to  a  Digital 
Record  Amplifier  and  no  change  in  state  if  a  "zero"  Is  presented.  Thus,  the  binary 
word  from  the  Datrac,  the  composite  frame  sync,  and  the  clock  signal  are  all  re¬ 
corded  on  digital  tracks  In  parallel  by  the  occurrence  of  a  conversion-complete  pulse. 

7 . 3. 6. 1  Frame  Sync  Storage  Record 

The  purpose  of  the  Frame  Sync  Storage  Reoord  Is  to  convert  composite  frame  sync 
pulses  from  the  Demultiplexer  to  pulses  that  will  be  accepted  by  the  Frame  Sync 
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Digital  Record  Amplifier.  It  should  be  remembered  that  information  is  rs<  orded  when 
tha  Saint  to  a  Digital  Raoord  Amplifier  is  more  negative  than  the  negative  threshold 
level  and  a  reooid  pulae  La  received.  Both  of  these  conditions  oust  be  met  for  re¬ 
cording  to  be  accomplished.  The  Frame  Sync  Storage  Beoord  la  made  up  of  an  in¬ 
verting  pulse  amplifier  and  a  flip-flop.  A  schematic  diagram  of  the  Frame  Sync 
Storage  Record  card  te  shown  In  Fig.  A-23. 

Positive  composite  framo  eyno  pulses  from  the  Demultiplexer  appear  at  pin  Z  for 
delivery  to  the  Inverting  pulse  amplifie  composed  of  transistor  Ql  and  aaaoolated 
compon  ent  a. 

The  negative-going  leading  edge  of  the  output  at  the  Inverting  pulae  amplifier,  which 
la  in  time  phase  with  the  positive-going  leading  edge  of  the  pulses  at  pin  Z,  la  coupled 
through  capacitor  C2  to  turn  off  translator  Q8  of  the  flip-flop  compoaed  of  transistors 
QS  and  Q4  and  associated  components.  This  action  causes  the  collector  of  translator 
Q4  to  go  negative  as  well  as  the  output  of  emitter  follower  Q5,  which  is  delivered  to 
pin  K  m  output  to  the  Frame  Sync  Digital  Record  Amplifier. 

Positive  reoord  pulses  from  the  Pulse  Amplifier  appear  at  pin  T  for  delivery  to  the 
emitter  follower  composed  of  transistor  Q?  and  resistors  R4  and  R5.  Emitter 
follower  output  is  differentiated  by  a  network  composed  of  capacitor  C4,  diode  CR4, 
and  resistor  SI?  so  that  the  negative -going  trailing  edge  of  a  pulse  on  pin  T  turns  off 
transistor  Q4  of  the  flip-flop.  The  collector  of  trauBtBtor  Q4  now  goeB  positive,  as 
does  the  output  on  pin  K.  The  delay  of  approximately  1  microsecond  between  the 
positive-going  leading  edge  of  the  record  pulses,  whloh  clock  out  data  from  the 
Digital  Reoord  Amplifiers,  and  the  negative -going  trailing  edge  of  the  record  pulse, 
which  resets  the  flip-flop,  Is  necessary  because  data  must  be  recorded  before  com¬ 
posite  frame  sync  information  Is  removed  from  the  Trame  Sync  Digital  Record 
Amplifier  Input. 

7 . 3 . 8 . 2  Pulae  Amplifier 

The  purpose  of  the  Pulse  Amplifier  is  to  convert  conversion-complete  pulses  from  the 
Datrac  to  a  form  suitable  for  clocking  out  the  data  from  the  Digital  Record  Amplifiers. 
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It  is  made  up  of  an  Inverting  pulse  amplifier  and  a  blocking  oscillator.  A  scliematic 
diagram  of  the  Pulse  Amplifier  Is  shown  in  Fig,  A-26.  A  conversion-complete  pulse 
from  the  Datrac  appears  at  pin  M,  where  it  enters  the  inverting  pulse  amplifier  com¬ 
posed  of  transistor  Q1  and  associated  components.  The  negative -going  leading  edge 
of  the  averting  pulse  amplifier  output,  which  is  in  time  phase  with  the  positive -going 
leading  edge  of  the  input  pulse  on  pin  M,  is  coupled  through  capacitor  C2  to  fire  the 
blocking  oscillator  composed  of  transistors  Q2  and  Q3  and  transformer  Tl.  Positive- 
going  output  pulses  are  delivered  to  pin  T  as  record  pulses  to  the  Digital  Record 
Amplifiers. 

7. 3. 6. 3  Digital  Record  Amplifier 

The  purpose  of  the  Digital  Record  Amplifier  is  to  accept  digital  "ones"  from  the 
Datrac  and  clock  this  information  onto  the  magnetic  tape  In  NRZ  form  in  phase  with 
the  record  pulses  from  the  Pulse  Amplifior.  There  is  one  Digital  Record  Amplifier 
for  each  digital  recording  track.  This  circuit  also  provides  sufficient  power  to 
operate  the  recording  heads .  It  is  made  up  of  an  Inverting  pulse  amplifier,  a  flip- 
flop,  two  AND  gates,  and  amplifiers  and  complementary  emitter  followers.  A 
schematic  diagram  of  a  Digital  Record  Amplifier  car'd  is  shown  In  Fig.  A-27. 

Digital  information  appears  at  pin  K  in  the  form  of  rising  and  falling  levels  and  is 
delivered  to  the  inverting  pulse  amplifier  composed  of  transistors  Ql,  Q2,  and  Q3, 
diode  CR1,  and  associated  components.  The  operation  of  this  inverting  pulse  ampli¬ 
fier  is  such  that,  for  levels  greater  than  approximately  -11  volts,  its  output  Is 
approximately  0  volts.  For  levels  less  than  approximately  -11  volts,  its  output  is 
approximately  +20  volts. 

The  output  of  the  inverting  pulse  amplifier,  which  is  the  emitter  of  transistor  Q3, 
is  delivered  to  two  emitter  followers,  one  being  transistor  Q4  and  resistor  R13,  the 
other  being  transistor  Q9  and  resistor  R24.  The  outouts  of  each  emitter  follower  are 
each  ANDed  with  record  pulses  from  the  Pulse  Amplifier,  which  appear  at  pin  T. 
These  AND  gates  are  composed  of  diodes  CR3,  CR4,  and  CR7,  and  diodes  CR5,  CR9, 
and  CR8. 
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Tht  aotton  of  these  AND  gntes  causes  the  fiip-fiop  composed  of  transistors  Q6  and  Q7 
and  associated  components  to  change  state  whenever  a  binary  "one"  and  a  record  pulse 
are  present  at  the  same  time.  A  binary  "one"  is  an  input  level  on  pin  K  of  less  then 
-11  volts. 


A  complementary  emitter  follower  is  ooupled  to  each  side  of  the  flip-flop  through  a 
pulse  amplifier.  The  collector  of  flip-flop  transistor  Q6  is  associated  with  the  pulse 
amplifier  composed  of  transistors  Q5  and  Q14  and  associated  components  and  a 
oomplew|e!>tf|*y  emitter  follower  oomposed  of  transistors  QU  and  Q13.  The  collector 
of  flip-flop  transistor  Q7  is  associated  with  the  pulse  amplifier  composed  of  tran¬ 
sistors  Q6  and  Q15  and  associated  components  and  with  the  complementary  emitter 
follower  oomposed  of  transistors  Q10  and  Q12. 

The  output  levels  of  the  complementary  emitter  followers  are  out  of  phase  and  vary 
between  approximately  0  and  +10  volts.  Resistor  R31  serves  to  limit  magnetic  tape 
recorder  head  current  to  approximately  100  ma  at  all  times.  The  output  to  the 
Magnetic  Tape  Recorder  head  is  between  pins  a  and  c.  An  output  monitor  point  of  the 
head  current  is  available  at  pin  h. 

7.3.7  Magnetic  Tape  Reoorder  ' 

The  Magnetic  Tape  Recorder  is  a  special  Ampex  unit  (FR-1100)  that  will  accept 
19-lnoh  or  smaller  reels  of  magnetic  tape.  It  is  designed  to  permit  the  recording  of 
11  tracks  of  digital  data  and  four  tracks  of  analog  data  on  one-inch  wide  tape.  Nine 
of  the  digital  tracks  are  used  to  record  the  digital  words  from  the  Datrao.  The  re¬ 
maining  two  digital  tracks  are  used  to  record  the  data  sync  pulse  and  the  composite 
frame  sync  pulse.  The  four  analog  tracks  are  used  to  reoord  video,  field  strength, 
voice  comment,  and  system  time  signals.  Normal  operating  speed  of  the  recorder 
is  SO  lps  for  Q-A  data. 
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Distribution  of  tra>  ks  and  the  recording  function  for  each  track  la  as  follows: 

TRACK  RECORDING  FUNCTION 

Digital 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 
11 

Analog 


11 

Video  Backup 

12 

System  Time 

13 

Spare  (Range  Time  at  AMR) 

14 

Signal  Strength  and  Voice 

The  theory  of  operation  of  the  Magnetic  Tape  Recorder  and  the  procedures  for  Its 
maintenance  are  described  in  detail  In  the  Instruction  handbook  Series  FR-1100 
Recorder/Reproducer  —  Magnetic  Tape  Recorders  for  Instrumentation,  Ampex 
Corp. ,  Redwood  City,  Calif. ,  1  Jul  1958.  Special  instructions  for  using  this  recorder 
with  the  PAM-FM  Ground  Station  are  Inducted  In  appropriate  paragraphs  In  this 
manual. 

7.3.8  Digital  Reproduce  Electronics 

The  G-A  Ground  Station  in  the  reproduce  mode  of  operation  Is  Illustrated  In  Fig.  7-4. 
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7mm  Digital  S»jiHw»w  iisotrocic*  (rig.  7-12)  amplifies  the  digital  signals  from  the 
magnetic  tape  and  temporarily  atorea  and  clocks  the  digital  Information  Into  the 
Datrao.  Clock  puleea  are  delivered  to  the  Da  trie  in  the  iorm  of  a  clear  pulae  and  are 
oaeti  to  reaet  the  Da  tree  to  a  atate  oorreapondlng  to  all  zero  Inputs.  Clock  pulses  and 
the  oompoeite  frame  sync  pulse  are  also  delivered  to  the  Demultiplexer. 

Binary  "ones"  from  the  magnetic  tape  are  amplified  in  the  Digital  Reproduce  Ampli¬ 
fiers.  These  binary  "ones,"  which  represent  the  digital  word  and  the  composite  frame 
sync,  are  used  to  set  the  storage  cirouite  to  the  "one"  state.  Since  no  change  of  state 
is  recorded  on  the  magnetic  taps  for  a  binary  "zero,  "-no  signal  is  produced  for  a 
"Kero. "  The  binary  "ones, "  which  represent  the  clook  signal  from  the  Digital  Re¬ 
produce  Amplifier,  are  dellversc  through  a  delay  circuit  to  the  storage  circuits 
where  they  clock  out  the  stored  information  in  the  storage  circuits  and  reset  the 
storage  circuits  to  the  "zero"  state.  Thus,  binary  "ones"  representing  digital 
information  are  clocked  in  parallel  into  the  Datrac  for  conversion  to  analog  form. 

The  effects  of  any  static  head  skew  and  dynamic  "Jitter"  of  the  tape  are  reduced 
during  this  process.  Binary  "ones"  representing  composite  frame  sync  are  clocked 
into  the  Demultiplexer. 

The  delay  circuit  has  three  outputs,  each  output  occurring  1. 5  microsecoi  ds  after 
the  other.  However,  the  initial  output  is  delayed  a  suitable  time  to  enable  it  to  be 
used  as  a  clock  signal,  but  not  so  long  that  it  becomes  a  part  of  the  succeeding  binary 
word.  The  first  output  is  the  clear  pulse  that  is  used  to  clear  the  Datrac.  The 
second  output,  occurring  1.5  microseconds  later.  Is  used  as  a  clock  pulse  to  the 
Demultiplexer.  The  last  output  la  used  as  the  command  pulse  to  the  storage  circuits. 

7 . 3. 8. 1  Digital  Reproduce  Amplifier 

The  purpose  of  the  Digital  Reproduce  Amplifier  is  to  amplify  the  data  from  the  digital 
reproduce  heads  of  the  Magnetic  Tape  Recorder  and  to  produce  appropriate  data 
pulses  for  the  Data  Storage  and  Gate  circuitry  which  follows.  A  schematic  diagram  of 
the  Digital  Reproduce  Amplifier  is  shown  In  Fig.  A-28. 
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The  Digital  Reproduce  Amplifier  contains  a  high-gain,  four-stage.  R-C  coupled  linear 
amplifier;  a  linear  phase  splitter:  a  full-wave  rectifier:  and  an  Inverting  pulse  ampli¬ 
fier.  Linear  circuitry  is  used  until  the  data  can  be  brought  up  to  a  voltage  level  that 
is  acceptable  for  pulse-type  amplification.  This  is  done  so  that  the  possibility  of 
false  generation  of  output  pulses  by  noise  Is  reduoed  to  a  minimum.  A  variable  gain 
feature  Is  Included  so  that  operation  with  various  tape  speeds  is  possible. 

Data  from  the  Magnetic  Tape  Recorder  reproduce  heads  appears  at  pin  L  for  delivery 
to  the  amplifier  composed  of  transistors  Q1  through  Q5  and  associated  components. 
This  amplifier  contains  four  common-emitter  stages  In  cascade  and  an  emitter 
follower  output  stage-  A  constant  output  level  Is  maintained  for  various  tape  speeds 
by  varying  the  gain.  Gain  is  varied  by  the  application  of  appropriate  values  of  re¬ 
sistance  across  pins  V  and  T.  The  resistances  for  this  function  are  selected  by  means 
of  the  TAPE  SPEED  COMPENSATION  switch  located  on  the  Record  and  Reproduce 
Monitor  Panel.  Gain  can  also  be  varied  by  adjusting  variable  resistor  R19.  Ampli¬ 
fier  gain  should  be  such  that  for  any  tape  apeed,  output  is  9(i0. 5) volts  peak-to-peak. 

The  output  of  this  amplifier  Is  delivered  to  the  phase  splitter  composed  of  transistor 
Q10  and  resistore  RIO  and  R43.  Here,  by  adjusting  variable  resistor  R43.  two 
outputs  of  equal  magnitude  and  180  degrees  out  of  phase  with  respect  to  each  other 
are  fed  to  separate  diodes  CR2  and  CR3  of  the  full -wave  rectifier.  This  rectifier 
changes  the  positive  and  negative  pulses  of  the  phase  splitter  to  a  series  of  positive 
pulses.  Tieae  positive  pulses  are  held  between  the  levels  of  approximately  0  and 
+3  volts. 

One  of  the  phase-splitter  signals  is  transmitted  through  the  emitter  follower  com¬ 
posed  of  transistor  Q9  and  resistor  R38  for  delivery  to  one  side  of  the  full-wave 
rectifier.  The  other  phase -splitter  signal,  which  appears  on  the  emitter  of  transis¬ 
tor  Q10,  is  transmitted  directly  to  the  full-wave  rectifier. 
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The  full -wave  rectifier  output  pulses  are  delivered  to  the  Inverting  pulse  amplifier  at 
the  base  of  the  emitte*.  follower  composed  of  transistor  Q7  and  resistor  R32.  When¬ 
ever  the  emitter  follower  output  goes  positive,  transistor  Q8  ia  turned  on  and  its 
collector  goes  to  ground  potential .  Whenever-  the  emitter  follower  output  reaches 
zero,  or  is  negative,  transistor  Q8  ia  turned  off  and  its  collector  goes  to  approxi¬ 
mately  +13  volts.  The  signal  which  appears  at  the  collector  of  Q8  is  couplod  through 
the  emitter  follower  composed  of  transistor  Q6  and  resistor  H30  for  delivery  to  pin  a 
as  output  to  Data  Storage  and  Gate. 

Operation  of  the  Digital  Reproduce  Amplifier  is  such  that  a  negative -going  output 
pulse  Is  generated  whenever  a  data  puise  appears  aorcss  the  input  terminals, 

7 . 3. 8 . 2  Data  Storage  and  Gate 

The  purpose  of  the  Data  Storage  and  Gate  card  is  to  hold  the  digit.nl  information  re¬ 
ceived  from  the  Digital  Reproduce  Amplifier  until  ail  bite  of  information  have  been 
read  out  of  the  Magnetic  Tape  Recorder.  ThiB  delay  is  necessary  to  compensate  for 
skew  and  flutter  In  the  Magnetic  Tape  Recorder,  A  command  pulse  clocks  these  bits 
into  the  Datrac  for  conversion  to  analog  voltage.  Each  Data  Storage  and  Gate  card 
can  accommodate  two  bits  of  information.  A  schematic  diagram  of  this  unit  is  shown 
in  Tig.  A-29. 

Two  separate  but  identical  circuits  are  present  or.  each  card;  each  circuit  stores  one 
bit  of  information  until  the  command  pulse  transmits  it  to  the  following  circuit.  Each 
circuit  is  made  up  of  a  blocking  oscillator,  a  flip-flop,  and  an  Inverting  pulse  ampli¬ 
fier.  Since  all  circuits  are  identical,  only  the  operation  of  one  circuit  will  be 
described. 

Digital  data  from  the  Reproduce  Amplifier  appears  at  pin  K  for  delivery  to  the  invert¬ 
ing  pulse  amplifier  composed  of  transistor  Q1  and  diode  CR1  and  associated  com¬ 
ponents. 
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If  the  level  at  pin  K  fails  below  approximately  +9  volts,  transistor  Q1  is  turned  on, 
the  collector  of  Q1  goes  to  approximately  +9  volts,  and  a  positive-going  pulse  appears 
at  the  junction  of  capacitor  C3  and  resistor  R8.  This  positive  pulse  Is  then  coupled 
through  capacitor  C4  so  that  It  turns  off  transistor  Q2  of  the  flip-flop  composed  of 
transistors  Soji-  and  Q3  and  associated  components. 

When  a  command  pulse  from  Delay  Command  Pulse  appears  on  pin  T,  transistor  Q3 
of  the  flip-flop  will  be  turned  off.  This  change  of  state  of  the  flip-flop  causes  the 
collector  of  transistor  Q2  to  go  positive.  The  signal  on  the  collector  of  transistor  Q2 
is  coupled  through  the  emitter  follower  composed  of  transistor  Q4  and  resistor  RJ8 
for  delivery  to  the  blocking  oscillator  composed  of  transistors  Q5  ana  Q6,  trans¬ 
former  T1  and  associated  components. 

If  the  level  on  pin  K  rise3  above  approximately  +9  volts,  no  pulse  will  be  delivered  to 
the  flip-flop  and,  consequently,  no  pulse  will  be  available  to  fire  the  blocking  oscil¬ 
lator  upon  the  arrival  of  o  command  pulse. 

7 . 3 . 8 . 3  Data  Sync  Del  ay  Reproduce 

The  purpose  of  the  Data  Sync  Delay  Reproduce  is  to  delay  the  pulses  from  the  Data 
Sync  Digital  Reproduce  Amplifier  sufficiently  bo  that  aii  information  delivered  from 
the  Digital  Reproduce  Amplifiers  to  the  Data  Storage  and  Gate  gates  has  had  time  to 
arrive  before  being  clocked  out  of  the  Data  Storage  and  Gate  gates  Into  the  Datrae , 

It  is  made  up  of  an  inverting  pulse  amplifier  and  a  one-shot.  A  schematic  of  the  Data 
Sync  Delay  Reproduce  card  Is  In  Fig.  A-30. 

Negative -going  pulses  from  the  Data  Sync  Digital  Reproduce  Amplifier  appear  at  pin  a. 
These  pulses  are  delivered  to  the  Inverter  pulse  amplifier  composed  of  transistors  Qi 
and  Q2  and  associated  components. 

Positive -going  pulses  are  coupled  through  capacitor  Cl  to  the  one-shot  composed  of 
transistors  Q3  and  Q4.  This  one-shot  is  triggered  by  the  negative -going  leading  edge 
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of  the  pulses  at  pin  a.  The  oue-ahnt  output  Is  fed  through  the  emitter  follower  com¬ 
posed  of  transistor  Q5  and  resistor  R15  and  delivered  to  pin  N  as  output  to  the  Delay 
Command  Pulse. 

A  variable  delay  of  from  approximately  4  to  25  microseconds  is  obtained  by  adjusting 
variable  resistor  R8,  Its  setting  is  adjusted  so  that  the  outputs  from  the  following 
circuit,  the  Delay  Command  Pulse,  properly  clock  out  the  data  contained  in  the  Data 

Storage  and  Gate  circuits. 

7. 3. 8. 4  Delay  Command  Puise 

The  purpose  of  the  Delay  Command  Pulse  circuit  Is  to  provide  clear  pulses  to  the 
Drat r no.  data  syne  to  the  Demultiplexer,  and  command  pulses  for  the  Data  storage 
and  Gate  cards  during  the  reproduce  mode  of  operation.  Delays  of  approximately  2 
microseconds  separate  eHan  of  these  pulses  so  that  no  Interference  can  exist  while 
generating  video,  frame  sync,  and  data  sync.  A  schematic  diagram  of  the  Delay 
Command  PulBe  circuit  Is  shown  in  Fig.  A-31 . 

Pulses  from  the  Data  Sync  Delay  Reproduce  enter  at  pin  N  and  trigger  the  blocking 
oscillator  composed  of  transistors  Q1  and  Q2,  transformer  Tl,  and  associated 
components.  The  positive -going  portion  of  these  pulses  triggers  this  blocking 
oscillator.  Output  (which  Is  essentially  undelayed)  leaves  this  blocking  oscillator  on 
pin  f  for  delivery  to  Datrac  as  the  clear  pulse.  This  output  pulse,  which  Is  approxi¬ 
mately  2  microseconds  wide,  also  passes  Into  the  delay  and  blocking  oscillator. 

The  negative -going  portions  of  these  pulses  are  extracted  by  capacitor  C6,  resistor 
RIO,  and  diode  CR3  and  fire  the  blocking  oscillator  composed  of  transistors  Q4  and 
Q5,  transformer  T2;  and  associated  components.  Output  from  this  oscillator  is  then 
delivered  to  pin  Z  as  data  sync  for  delivery  to  the  Demultiplexer.  Output  from  this 
blocking  oscillator  is  also  fed  Into  a  second  delay  and  blocking  oscillator  circuit. 
Again,  the  negative -going  portions  of  the  2-microsecond  pulses  are  extracted  by 
capacitor  C9,  resistor  R18,  and  diode  CR5  and  fire  the  blocking  oscillator  composed 
of  transistors  Q7  and  Q8,  transformer  T3,  and  associated  components.  Output  is  de¬ 
livered  to  pin  T  as  a  command  pulse  to  the  storage  cards. 
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Monitor  points  for  the  no.  1  and  no.  3  outputs  are  at  pins  f  and  T.  respectively. 

7.3.9  Digital-to-Analog  Converter 

The  Digital -to-Analog  Converter  is  the  same  converter  (Datrac)  that  is  used  for 
annlog-to-dlgltal  conversion,  but  operated  In  the  digital -to -analog  mode. 

Tho  Digital -to  Analog  Converter  accepts  the  nine -bit  digital  words  from  the  Digital 
Reproduce  Electronics  and  reconstructs  the  analog  PAM  composite  pulse  train.  This 
composite  pulse  train  is  then  delivered  to  the  Oate  Driver  Amplifier  of  tbe  Base  Band 
Unit,  which  in  turn  delivers  it  to  the  Demultiplexer. 

7.3.10  Base  Band  Unit,  Reproduce  Mods 

In  the  Reproduce  Mode  of  operation,  only  the  Oate  Driver  Amplifier  and  the  Reference 
Amplifier  portions  of  the  Base  Band  Unit  (Fig.  7-18)  are  used. 

Input  to  the  Reference  Amplifier  is  from  the  DC  Reference  Filter  in  the  Demulti¬ 
plexer.  The  Reference  Amplifier  output  In  the  form  of  a  d-c  reference  correction 
voltage  Is  dellvored  by  way  of  jack  J16  to  grid  7  of  vacuum  tube  VI  in  the  Oate  Driver 
Amplifier.  The  Reference  Amplifier  functions  in  the  same  manner  in  the  reproduce 

mode  as  it  does  in  the  record  mode. 

The  output  of  the  Digital -to -Analog  Converter  in  the  form  of  an  analog  PAM  composite 
pulse  train  provides  the  second  input  (at  jack  J14)  to  the  Oate  Driver  Amplifier.  The 
output  of  the  Oate  Driver  Amplifier  is  delivered  to  jack  J17  as  d-c  video  to  the 
Demultiplexer.  Except  for  the  changes  in  input,  the  Oate  Driver  Amplifier  functions 
in  the  same  fashion  in  the  reproduce  mode  as  it  does  In  the  record  mode. 

7.3.11  Demultiplexer,  Reproduce  Mode 

Although  the  Demultiplexer  In  the  reproduce  mode  (Fig.  7-19)  functions  in  mueh  the 
same  way  as  It  does  in  the  reoord  mode,  Inputs  are  from  different  sources  and  a 
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Fig.  7-18  O-A  But  Band  Unit,  Reproduce  Mode 
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part  of  the  synchronization  logic  is  not  used.  Since  clock  pulses  ar  '  composite  frame 
sync  pu!fi»s  have  been  recorded,  there  is  no  need  for  a  data  sync  generator,  frame 
syne  generator,  or  a  shift  register, 

7.  a.  ii.  i  Prams  Sync  Delay  Reproduce 

One  additional  circuit  la  used  In  the  reproduce  mode  of  operation.  Frame  Sync  Delay 
SapmitiM  la  a  delay  network  to  delay  tee  frame  gyt>o  from  the  date  sync 

pulses  by  approximately  8  to  19  microseconds.  The  composite  frame  sync  pulse  Is 
also  transformed  to  the  oorrect  lmpedanoe  and  amplitude  for  driving  the  Demulti¬ 
plexer.  A  schematic  diagram  of  the  Frame  Sync  Delay  Reproduce  is  shown  In 
Fig*  A'54,  Sine c  this  circuit  nw  developed  from  the  sync  gate,  the  flip— flop  and 
one-shot  no.  <4  as  shown  in  tee  schematic  are  not  used* 


Composite  frame  sync  pulses  from  the  Digital  Reproduce  Electronics  appear  on  pin  Z. 
This  positive  pulse  is  differentiated  by  capacitor  Cl,  diode  CR1,  and  resistor  El  so 
that  the  positive-  „olng  portion  of  the  pulaes  triggers  the  one-shot  oompoaed  of  tran¬ 
slators  Q2  and  Q4  «_'d  Mandated  components.  This  one-shot  fires  blocking  oscillator 
no.  1  composed  of  transistors  Q6  and  Q7,  transformer  Tl,  and  associated  components 
at  a  time  several  microseoonda  after  the  initial  arrival  of  the  composite  frame  sync 
pulse.  This  delay  can  be  varied  between  4  and  20  microseconds  by  adjusting  re¬ 
sistor  S3,  but  the  delay  is  usually  from  5  to  10  microseconds. 

The  positive- going  output  pulses  of  blocking  oscillator  no.  1  are  delivered  to  dual 
emitter  follower  composed  of  translators  Q9  and  Qll  and  associated  components. 

The  output  level  of  the  dual  emitter  follower  is  seen  at  test  point  TP1  and  is  adjusted 


K. .  no#  If*  /  4-  «  =  *  < — •;*- 

WJ  »  *»*  S  VBWVUl  UWU  IV  *  V  \  W  /  »W*4»  JF VOA 


The  gate  composed  of  transistor  Q12  and  resistors  R36  and  R37,  which  is  normally 
open,  passes  a  positive  pulse  that  fires  blocking  oscillator  no.  2  composed  of  tran¬ 
sistors  Q13  and  Q14,  transformer  T2,  and  associated  components.  The  output  of 
blocking  oscillator  no.  2  is  delivered  to  pin  f  as  the  delayed  composite  frame  sync 
to  be  delivered  to  pin  t  of  the  Sync  Gate  sad  to  pic  !*  of  the  Sync  Selector. 
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7 .  S .  12  Power  Supply  Interlock 

The  basic  purpose  oi  the  Few «r  Supply  Interlock  is  tn  prohibit  the  application  of  power 
to  any  of  the  components  of  the  PAM-FM  Ground  Station  ubUm  power  from  all  four 
of  the  power  supplies  is  present  simultaneously,  other  functions  of  this  unit  are; 

(1)  to  provide  a  time  delay  between  the  application  of  heater  power  and  plate  voltage 
to  the  Base  Band  Unit;  (2)  to  provide  a  means  of  distributing  power  to  units;  and  (3) 
to  route  various  reoord/ reproduce .  Magnetic  Tape  Recorder  interlock,  and  G-A/ 
Vibration  relay  signals  between  major  components  in  the  Ground  Station. 

Tlie  Power  Supply  interlock  is  composed  of  15  relay*  (two  of  which  are  one-mi  note, 
thermal -delay  relays),  a  115-volt-ac  isolation  transformer  which  provides  power  for 
the  115-volt  relays,  and  various  connectors. 

Special  attention  should  be  given  the  schematic  diagram  shown  in  Fig.  A -34  as  ail 
controlling  signals,  their  origins  and  destinations,  and  the  routes  oi  incoming  and 
outgoing  power  cables  are  clearly  labeled. 

7.3.13  Teet  Signal  Generator 

The  purpose  of  the  Test  Signal  Generator  is  to  furnish  a  teat  signal  for  the  VHP 
telemetry  reoeiver  when  the  Ground  Station  is  being  readied  for  use.  A  schematic 
diagram  Is  shown  in  Fig.  A -55.  It  is  oomposed  of  two  25-volt  power  supplies,  a 
multiplexer,  a  VHF/FM  transmitter,  a  transmitter  termination  and  receiver  coupling 
device,  and  a  calibrator. 

The  two  28-volt  power  supplies  (Hewlett  Packard  721A)  are  connected  to  the  calibra¬ 
tor  as  shown  in  Fig.  A-34.  The  multiplexer  and  transmitter,  similar  to  the  vehicle 
equipment,  ere  sealed  units  and  are  connected  as  shown  in  the  schematic  diagram. 
Power  for  the  transmitter  is  obtained  from  the  +300-volt  Lambda  power  supply  by 
way  of  the  Power  Supply  Interlock. 
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The  transmitter  termination  and  receiver  ooupliag  devloe,  when  ueed  with  an  external 
attenuator,  provide*  approximately  1000  micro  volte  of  signal  across  the  antenna 
terminal  ■  of  tha  Hwms-Ciarks  HI  -  RsoeivAf .  This  device  properly  terminates  the 
r-i  output  of  the  tr  ansjoitter. 

The  calibrator  provides  test  voltage*  to  modulate  various  inputs  of  the  multiplexer. 
Ground  level,  4-8  volte,  <*-2. 5  volts,  cr  externally  applied  modulation  may  be  selected 
as  calibrator  output.  Tv.’o  preset  reference  voltages  are  produced  by  a  network 
oompoaed  of  diode  CR1.  and  resistors,  Rl,  R2,  and  H3.  These  two  voltages  are 
ooupled  through  the  emitter  follower  composed  of  transistor  Q1  and  resistor  S6  for 
delivery  to  the  selector  switch  SI.  Seleotor  switch  SI  selects  either  of  these  two 
vo ! tags-,  m  well  as  ground  potential  and  external  modulation,  a*  output  to  rh«  multi¬ 
plexer  patch  panel. 

Any  type  of  external  modulation  may  be  applied  to  the  test  signal  generator  provided 
it  does  not  exceed  the  limits  of  +5  volt*  and  0  volts  with  respect  to  ground,  Fila¬ 
ments  of  the  transmitter  must  be  on  for  at  least  one  minute  before  plate  voltage  Is 
applied  by  the  transmitter  plate  voltage  switch  located  on  the  Test  Signal  Generator 

panel. 


7.3. 14  Relay  Board 

The  purpose  of  die  Relay  Board  is  to  make  it  possible  to  shift  quickly  between  record 
and  reproduce  modes  of  Ground  Station  operation.  Several  circuit  rearrangements 
among  the  component  boards  In  the  Demultiplexer  and  other  unite  are  required  when 
station  modes  are  switched.  In  the  Demultiplexer,  several  card*  with  three  DPDT 
relays  each  provide  the  necessary  switching.  For  example,  switching  between  the 
Bync  Separators  and  the  Sync  Reproduce  Electronics,  or  between  the  Duty  Cycle  and 
the  Base  Band  Unit,  are  all  aooompHahed  with  Relay  Boards,  which  are  In  turn 
driven  by  the  Reoord/Reproduce  controls  of  the  Monitor  Panel.  A  schematic  diagram 
of  the  Relay  Board  Is  shown  In  Fig.  A -35. 
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7.8. 15  Main  Monitor  Panel 

The  functioning  of  main  and  auh  monitor  panels  ?.s  a  moans  of  applying  "aoot>e  probes" 
rapidly  to  critical  points  in  the  Ground  Station  is  documented  in  Volume  f  *md  in 
Section  11  of  this  volume.  It  should  be  pointed  out  that  the  main  monitor  panel  also 
performs,  by  means  of  nine  DPDT  relays,  most  of  the  switching  necessary  to  change 
it  Ground  Station  between  G-A  and  Vibration  operation.  Also,  control  signals  for 
POWER  ON-OFF,  RECORD  REHtOpUCE,  and  G-A- VIBRATION  nrg  initiated  bv  « 
aeries  of  puBh  buttons  on  the  Monitor  Panel .  A  schematic  diagram  of  the  Monitor 
Panel  is  shown  in  Fig.  A-3f.. 

7. 3. 16  Signal  Strength  and  Voioe  Record  and  Reproduce  Filters 

The  purpose  of  the  Signal  Strength  and  Voice  Record  and  Reproduce  Filters  is  to 
combine  the  receiver  signal  strength  output  and  the  voioe  signal  for  recording  with 
FM  reoord  electronics  and  to  separate  the  two  signals  on  reproduce.  This  to  done 
with  simple  passive  filters  and  a  resistive  adder  which  limits  the  frequency  response 
of  the  recorded  signal  strength  from  dc  to  approximately  100-ops  and  the  voioe 
signal  from  approximately  300-ops  to  10  kc.  A  schematic  diagram  is  shown  in 
Fig.  A-37. 
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Section  8 
MAINTENANCE 

WARNING:  The  high  voltages  in  this  equipment  are  dangerous. 

To  prevent  serious  injury  or  death,  use  caution 
while  performing  maintenance  procedures. 

8.1  INTRODUCTION 

8. 1. 1  Scope 

This  section  is  intended  as  a  guide  to  the  location  and  correction  of  a  faulty  circuit  or 
circuit  board.  Its  usefulness  depends  upon  the  ability  of  the  operator  to  Isolate  a 
trouble  to  a  particular  circuit  by  use  of  the  theory  discussion  in  Section  7.  If  the  op¬ 
erator  understands  the  function  of  the  station  as  a  whole,  he  can,  by  use  of  the  monitor 
switches  and  the  rack-mounted  oscilloscope,  isolate  most  troubles  to  a  major  section 
and  .with  the  aid  of  these  procedures,  to  the  specific  circuitry  or  printed  circuit  board 
that  is  at  fault. 


Because  the  Ground  Station  is  highly  complex  and  field  experience  is  limited,  it  is  dif¬ 
ficult  to  anticipate  troubles  and  give  specific,  detailed  procedures  for  isolating  and  re¬ 
pairing  them.  However,  this  section  does  contain  a  recommended  procedure  for 
checking  through  each  circuit  for  required  inputs  and  outputs  at  the  critical  points. 

The  checkpoints  are  chosen  so  that  the  trouble  is  isolated  to  a  single  component  or  to 
&  small  group  of  components.  It  is  assumed  that  the  operator  will  then  replace  the 
suspscvod  components  with  others  that  meet  the  specifications  called  out  ou  the  draw¬ 
ings  and  parts  lists  in  the  Appendix. 
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The  instruction*  are  supported  by  s  schematic  diagram,  a  component  assembly  drawing 
of  each  printed  circuit  board,  a  parts  list,  and  a  block  diagram  that  shows  the  signal 
flour  and  the  critical  waveforms  and  voltages  of  the  more  important  portions  of  the  cir¬ 
cuit.  Before  the  detailed  trouble  isolation  procedures  are  performed,  it  ie  recom¬ 
mended  that  certain  general  procedures  be  done.  These  are  given  in  Section  8. 2. 

The  troubleshooting  procedures  in  this  section  do  not  contain  the  details  of  trouble 
Isolation  in  blocking  oscillators,  one- shots,  and  flip-flops.  Each  time  trouble  1b  Iso¬ 
lated  io  one  of  theee  circuits,  the  proceduree  in  Section  8. 4. 1,  8. 4. 2,  or  8. 4. 3  should 
be  followed, 

8. 1. 2  General  Information 

The  following  general  information  ie  applicable  any  time  maintenance  is  being  performed. 

1.  Some  of  the  values  listed  in  this  section  are  qualified  with  the  word  "approxi¬ 
mately.  "  Values  that  are  not  so  qualified  or  for  which  tolerances  are  given  are 
orltical  values  and  must  be  treated  as  such. 

2.  Cables  that  Interconnect  unite  are  identified  by  plastic  or  metal  strips  that  are 
attached  to  the  individual  cables.  Wiring  information  and  wiring  block  diagrams  are 
in  Section  10. 

3.  All  variable  resistors  on  the  printed  circuit  boards  are  at  the  front,  opposite 
the  connector  aide. 

4.  The  teat  equipment  described  in  Volume  I,  Section  2  should  be  available  for 
maintenance. 

G.  The  following  flip-flop  convention  (Fif*  8—11  included  as  an  ■.»  to  understand— 

fag  tha  j)W<|r  fjjj6gpafr.gi 

8.  Maintenance  instructions  for  the  Lambda  and  Harrison  power  supplies,  the 
Neme- Clarke  receiver,  the  Tektronix  oscilloscope  and  pre-amplifier,  the  Ampex 
tape  recorder,  the  E.  1.  amplifiers,  the  Datrac,  and  the  Visioorder  are  contained 
m  manuals  published  by  the  manufacturers  and  supplied  with  the  Ground  Station. 
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§  a 

10c  l| 

• 

(NO.  i)  ^ 

(RESET) 

pup- flop 

R 

T 

\  OUTPUTS 

(NO-  2) 

INPUTS  < 

”  J 

(TRIGGER) 

w 

NOTES: 


I  -  ONES  ON  TRIGGER  INPUT  MAKE 
ALTERNATE  ONES  ON  NO.  I  AND 
NO.  Z  OUTPUTS. 

Z  -  ONE  ON  RESET  INPUT  MAKES 

{NO.  SI  OUTPUT  A  ZERO  AND 
{NO.  Z)  OUTPUT  A  ONE. 

3-  ONE  ON  SET  INPUT  MAKES  (NO.I) 
OUTPUT  A  ONE  AND  (NO.  2)  OUT¬ 
PUT  A  ZERO. 

Fig.  8-1  Flip-Flop  Convention 


?.  When  removing  printed  circuit  cards  from  the  card  racks,  use  the  special  card- 
removing  tool  and  have  the  power  to  the  rack  turned  off.  When  a  card  is  removed 
during  a  recording  period,  the  power  may  be  left  on  if  care  is  taken  to  prevent 
y.sioriing  components  on  printed  circuit  boards.  Kamovs  cards  carefully  end  handle 
them  with  care  so  that  components,  plugs,  and  printed  wiring  are  not  damaged. 


3.  Z  GENriKAL  uiSxRUCTTCNS 

Before  attempting  to  isolate  and  repair  trouble,  the  following  general  procedures 
should  ba  done. 
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1.  Check  that  all  cables  are  connected  securely. 

2.  Check  that  all  power  supplies  are  delivering  required  voltages  within  ±1  percent, 
unless  otherwise  specified. 

3.  Check  that  all  switches  are  in  the  proper  positions  as  given  in  the  Operating 

Tnafl*n  rvtinna  Vnliim#)  f 

T  vtUiifV  At 

4.  Che dt  that  all  printed  circuit  boards  required  are  present  and  are  inserted 
firmly  in  their  correct  slots  with  correct  orientation. 

5.  In  faulty  vacuum  tube  circuits,  first  check  to  determine  whether  the  trouble  is 
caused  by  vacuum  tube  failure.  If  a  faulty  tube  Is  replaced,  check  other  components 
to  determine  whether  there  is  a  specific  cause  for  the  tube  failure.  All  vacuum 
tube  voltages  are  given  with  rospect  to  ground. 

0.  Check  wiring  continuity,  capacitors  for  shorts,  and  solder  points. 

8.  3  TROUBLESHOOTING  FOR  ABSENT  OR  INCORRECT  INPUTS 


If  one  or  more  of  the  inputs  to  a  card  is  absent  or  incorrect,  proceed  as  follows: 


1.  Remove  card  being  maintained  from  Its  slot. 

2.  Insert  card  that  precedes  (in  the  circuitry)  the  one  being  maintained  into  a  card 

extension. 

NOTE:  The  cards  that  precede  a  card  in  the  circuitry  are  identified  in 
the  schematic  and  block  diagrams. 


3.  Check  outputs  of  this  card  that  are  inputs  to  the  card  being  maintained.  If  these 
outputs  are  correct,  the  trouble  is  in  the  input  circuitry  of  the  card  being  maintained 
or  in  the  wiri"®  fcata-as 


■etween.  If  these  outputs  are  incorrect,  the  trouble  is  in  this  pre¬ 


ceding  card. 
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4.  If  the  trouble  Is  In  the  preceding  card,  repair  It  In  accordance  with  the  applicable 
Instructions  in  this  section;  if  the  trouble  is  in  the  input  circuitry  of  the  card  being 
maintained,  continue  with  the  maintenance  procedures  for  that  card. 

5.  If  the  trouble  is  in  the  Inter-card  wiring,  check  for  continuity  and  connection  of 
wires  to  proper  pins. 

8.4  TROUBLESHOOTING  BLOCKING  OSCILLATOR^  ONE-SHOTS,  AND  FLIP-FLOPS 

The  troubleshooting  procedures  in  the  sections  that  foiiow  do  not  contain  the  details 
of  trouble  isolation  in  blocking  oscillators,  one-shots,  or  flip-flops.  The  following 
paragraphs,  8.  4. 1,  8. 4. 2,  and  0. 4.  3,  contain  some  recommended  procedures  for 
isolating  trouble  in  these  types  of  circuits. 

8.  4. 1  Blocking  Oscillator 

If  trouble  is  isolated  to  g  blocking  oscillator,  proceed  as  follows; 

1.  Visually  Inspect  for  component  continuity  with  eyelets  and  printed  circuit  traces, 
and  check  that  components  are  of  the  correct  type  and  value.  Make  any  necessary 
repairs. 

2.  Check  wiring  continuity  and  make  necessary  repairs, 

3.  Check  that  blocking  oscillator  is  getting  power. 

4.  Make  sure  that  circuit  ia  not  overloaded. 

5.  Make  sure  that  there  is  a  proper  input  to  the  blocking  oscillator. 

8.  Check  transformer  continuity  by  checking  appropriate  windings  of  the  transformer 
with  an  ohmmeter. 

7.  Replace  both  transistors. 

3.  If  a  Zener  diode  is  used,  check  it  for  reference  voltage  and  replace  It  If 
necessary. 
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ft,  Ch«ck  diodes  gnrf  replace  any  that  are  faulty, 
iv.  Check  bypass  capacitor  for  after ts  and  replace  it  if  it  la  faulty. 

6.4.2  One-Shot 

If  trouble  is  isolated  to  a  one-shot,  proceed  as  follows: 

1.  Visually  Inspect  for  component  continuity  with  eyelets  and  printed  circuit 
traces,  and  check  that  components  arc  of  the  correct  type  and  value.  Make  any 
necessary  repairs. 

2.  Check  wiring  continuity  and  make  necessary  repairs. 

3.  Check  that  one-shot  is  getting  power. 

4.  Make  sure  that  circuit  is  not  overloaded. 

5.  Make  sure  that  there  is  a  proper  input  to  the  one-shot. 

6.  Check  that  potentiometer  adjustment  Is  making  contact. 

7.  Replace  transitors. 
o.  Replace  input  diode. 

8.  4.  3  Flip-Flop 

If  trouble  is  Isolated  to  a  flip-flop,  proceed  as  follows: 

1.  Visually  inspect  for  component  continuity  with  eyelets  and  printed  circuit  traces, 
and  check  that  components  are  of  the  correct  type  and  vaiue.  Make  any  necessary 
repairs, 

2.  Check  wiring  continuity  and  repair  If  necessary. 

3.  Check  that  flip-flop  Is  getting  power , 

4.  Make  sure  that  circuit  is  not  overloaded. 
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5.  Make  sure  that  there  is  a  proper  input  to  the  flip-flop. 

6.  Replace  transistors. 

7.  Check  diodes  aM  replace  ajiy  that  are  faulty. 

8.5  RECEIVER 

For  instructions  on  isolating  and  repairing  trouble  in  the  receiver,  refer  to  the  manual 
of  instructions  for  the  Nems-Clarke  Model  1412  Telemetry  Receiver. 

8.  6  DC  AMPLIFIER 

The  DC  Amplifier  has  a  gain  of  approximately  ten  for  the  PAM  signal  from  the  receiver 
without  inversion  and  a  gain  of  approximately  one  for  the  feedback  voltage  with  inversion. 
A  schematic  diagram  of  the  DC  Amplifier  is  in  Fig.  A-2;  a  block  diagram  of  the  Base 
Band  Unit  with  appropriate  v/aveforms  is  in  Fig.  8-2.  If  there  is  trouble  in  the  DC 
Amplifier,  do  the  procedures  in  Paragraph  8. 2  and  proceed  as  follows; 

1.  Make  sure  that  variable  components  are  adjusted  in  accordance  with  Volume  I, 
Section  4. 

2.  Check  that  PAM  sijpml,  Fig.  8-2,  Note  1  appears  at  grid  2  of  vacuum  tube  VIA 
(TP1).  It  should  be  approximately  1.  5  volts  peak-to-peak  with  negative  peaks  falling 
at  0  (±1)  volt  dc.  If  it  is  not,  check  diode  CE7  for  a  6  (±1)  volt  drop. 

3.  Check  for  presence  of  PAM  signal  at  plate  of  tube  VI B.  Its  negative  peaks 
should  be  at  +160  (*20)  volts  dc.  If  they  are  not,  VI  or  its  associated  components 
are  faulty. 

4.  Check  for  presence  of  PAM  signal  at  grid  of  tube  V2A.  Its  negative  peaks  should 
be  at  +5  (±5)  volts  dc.  If  they  are  not,  check  diodes  CR1,  CR2,  and  CR3  to  see  that 
each  has  a  60  (±10)  volt  drop. 
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Fig.  8-2  Base  Band  Unit  Block  Diagram  (Sheet  1  of  2) 
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Fig.  8-2  Base  Band  Unit  Block  Diagram  (Sheet  2  of  2) 
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5.  Check  for  present'*  >4  PAM  signal  si  piste  of  tube  V2B.  It*  negative  peaks 
should  be  at  *180  (A20)  volts  do.  If  they  are  not,  V2  or  Its  associated  component* 
are  faulty. 

6.  Check  for  presence  of  PAM  signal  at  grid  of  tubs  V3A.  its  negative  peak* 
should  be  si  (AS)  volts  do.  If  they  are  not,  check  diodes  CR4 ,  CRS,  and  CR8 
to  see  that  each  has  a  60  (A10)  volt  drop. 

7.  Check  both  {dates  of  tube  V'>.  The  voltage  of  each  should  be  *  300  (A1Q)  volts 
dc.  If  tt  is  not,  resistor  R19  or  R20  Is  faulty. 

S.  Check  both  cathodes  of  tube  V3  (TPS).  The  PAM  signal  (Fig.  8-2.  Note  1) 
should  be  10  (AS)  volts  peak -to- peak  with  negative  peaks  at  -2  (A3)  volte.  If  it 
is  not,  V3  or  its  associated  components  are  faulty. 

9.  Check  grids  of  tubes  V1B  and  V2B  for  presence  of  PAM  signal  that  la  nr 
greater  than  5  volts  peak-to-peak.  If  signal  la  not  correct,  resistor  R9,  R10, 

R 11,  R1S,  or  R1S  la  faulty. 

8.7  NOISE  FILTER.  VIBRATION 

The  Vibration  Noise  Filter  Improves  the  signal -to- noise  ratio  of  the  PAM  signal  with¬ 
out  introducing  excessive  crosstalk.  It  also  provides  a  means  of  inserting  a  d-c  offset. 
A  schematic  diagram  of  the  Noise  Filter  Is  in  Fig.  A- 3;  a  block  diagram  of  the  Base 
Band  Unit  with  appropriate  waveforms  is  in  Fig.  8-2.  u  there  Is  trouble  in  the  Vibrs- 
tiofi  Noise  Filter,  dc  the  procedures  in  Paragraph  8.2  and  proceed  as  follows. 

1 .  Make  sure  that  all  variable  components  are  adjusted  in  accordance  with 
Volume  I.  Section  4. 

2.  Check  that  G-A/V1B  switch  is  at  YEB  sad  that  the  proper  plug-in  unit  is 
securely  in  place. 

3.  Check  that  PAM  signal  (fig.  8-2,  Note  1)  appears  at  input  (TP4).  It  should 
be  10  (a2)  volts  peak -to- peak  with  negative  peaks  at  -2  (*3)  volts.  If  it  la  not. 
the  trouble  is  in  the  DC  Amplifier  or  the  connecting  cable. 
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4.  Check  that  PAM  signal  appears  at  both  grids  of  tube  V  i.  It  should  be  S.  5  (*2) 
volts  peak-to-peak  with  negative  peaks  at  -1  (*2)  volts.  If  it  is  not.  resistor  R2, 

R3,  R4,  RG.  or  Rfi  or  transformer  LI  is  faulty. 

NOTFL  The  PAM  signal  waveform  will  be  somewhat  distorted  on  the  grid 
of  Vl B;  however,  this  la  normal. 

5.  Check  that  PAM  signal  appears  at  both  cathodes  of  tube  VI.  It  should  be  i!  'j 
(±  2)  volts  peak-to-peak  with  negative  peaks  at  +«  (aS)  volts.  If  it  is  not,  VI  re¬ 
sistor  RB  or  RiO,  or  annuli ated  components  ere  faulty. 

6.  Check  that  PAM  signal  appears  at  both  plates  of  tube  V2.  It  should  he  3.  5  (*  2) 
volts  peak-to-peak  with  negative  peaks  at  -4  (*3)  volts.  If  it  is  not,  resistor  R7 
or  R6,  tube  V2,  or  associated  components  are  faulty. 

7.  Check  that  output  (Fig.  8-2,  Note  3)  of  Noise  Filter  (TPS)  Is  3.  5  (a  2)  volts  peak- 
to-peak  with  negative  peaks  at  -4  (±  3)  volts.  If  it  is  not,  the  output  circuitry  la 
faulty. 

3. 8  NOISE  FILTER,  G-A 

The  G-A  Noise  Filter  improves  the  signal- to-nolse  ratio  of  the  PAM  signal  without  in¬ 
troducing  excessive  crosstalk.  It  also  provides  a  means  of  inserting  s  d-c  offset.  A 
schematic  diagram  of  the  Noise  Filter  is  in  Fig.  A- 3;  a  block  diagram  of  the  Base  band 
Unit  with  appropriate  waveforms  is  in  Fig.  8-2.  If  there  is  trouble  in  the  G-A  Noise 
Filler,  do  the  procedures  ir.  Paragraph  8.  2  and  prooeed  as  follows; 

1.  Make  sure  that  variable  components  are  adjusted  in  accordance  with  Volume  I, 

Section  4. 

2.  Cheek  that  G-A/VTB  switch  is  at  G-A  and  that  G-A  plug-in  is  securely  in  place. 

3.  Cheek  that  PAM  signal  (Fig.  8-2,  Note  i)  appears  at  Input  (TP4).  It  should  be 
10  (±2)  volts  peak-to-peak  with  negative  peaks  at  -2  (±3)  volte.  If  it  is  not,  tn« 
trouble  is  in  the  DC  Amplifier  or  the  connecting  cable. 
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4.  Check  that  PAM  sipml  appear  a  at  both  grids  of  tube  VI.  It  should  be  3. 5  (±2) 
volts  peak-to-peak  with  negative  peaks  at  -1  (±2)  volts.  If  tt  1b  not,  resistor  R2 
R3,  R4,  R5,  or  R6  or  transformer  LI  is  fault}'. 

®.  Check  that  PAM  signal  appears  at  both  cathodes  of  tube  VI.  It  should  be  3.  S 
(±2)  volts  peak-to-peak  with  negative  peaks  st  +6  (±3)  volts.  If  it  is  not,  tube  VI, 
resistor  R9  Or  RIO,  or  associated  components  are  faulty. 

6.  Check  that  PAM  aiffial  appears  at  both  plates  of  tube  V2.  It  should  be  3.  5  (±2) 
volts  peak-to-peak  with  negative  peaks  at  -4  (a  3)  volts.  If  it  is  not,  resistor  R7 
R8,  tube  VS,  or  associated  components  are  faulty. 

7.  Check  that  output  of  Noise  Filter  at  TPS  (Fig.  8  2,  Note  2)  is  3.  5  (± 2 )  volts 
peak-to-peak  with  negative  peaks  at  -4  (±  3)  volts.  If  It:  is  not,  the  output  circuit 
is  faulty. 

8.  9  NOISE  FILTER  AMPLIFIER 

The  Noise  Filter  Amplifier  amplifies  the  output  of  the  Noise  Filter  so  that  (1)  the 
dc- coupled  output  is  19  (±1)  volts  peak-to-peak,  and  (2)  the  ac-coupled  output  Is  be¬ 
tween  0  and  15  volts  peak-to-peak.  A  schematic  diagram  of  the  Noise  Filter  Amplifier 
is  in  Fig.  A-4;  a  block  diagram  of  the  Base  Band  Unit  with  appropriate  waveforms  is 
in  Fig.  8-2.  If  there  is  trouble  in  the  Noise  Filter  Amplifier,  do  the  orocedures  in 
Paragraph  3.  2  and  proceed  as  follows: 

1.  Make  sure  that  variable  components  are  adjusted  in  accordance  with  instructions 
in  Volume  i,  section  4. 

2.  Check  that  PAM  signal  (Fig.  8-2,  Note  2  or  3)  is  at  input  (TPS)  and  is  3.  5  (±2) 
volts  peak-to-peak  with  negative  peaks  at  -4  (±3)  volts.  If  it  is  not,  the  trouble  is 
in  the  Noise  Filter  or  the  connecting  cable. 

3.  Check  plate  of  tube  VIA.  The  negative  peaks  of  the  PAM  signal  should  be  at 
+180  (+20)  volts  dc.  If  they  are  not,  VI  or  Its  associated  components  are  faulty. 
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4.  Chtok  plats  of  tube  VlB.  The  negative  peaks  of  the  PAM  slpa)  should  be  at 
180  (*20)  volts  do.  If  they  are  not,  VI  or  its  associated  components  are  faulty. 

5.  Check  grid  of  tube  V2A.  The  negative  peaks  of  the  PAM  sipm!  should  be  at 
0  (*S)  volts.  If  they  are  not,  check  that  diodes  CRl,  CR2,  and  CR3  each  has  a 
<0  (±10)  volt  drop. 

6.  Check  plate  of  tube  V2B.  The  negative  peaks  of  the  PAM  slgaial  should  b§  at 
4180  (±20)  volts  do.  If  they  are  not,  V2  or  its  associated  components  are  faulty. 

7.  Check  grid  of  tube  V3A.  The  negative  peaks  of  the  PAM  signal  should  be  at 
0  (45)  volte.  If  they  ere  not,  check  that  diodes  CR4,  CR6,  and  CR8  eaoh  has  a 
60  (±10)  volt  drop. 

8.  Check  cathode  of  tube  V3A  (TP8).  The  PAM  signal  (Fig.  8-2,  Note  2  or  3) 
should  be  18  (±1)  volts  pe&k-to-peak  with  negative  peaks  at  -S  (±1)  volts  do.  u  it 
Is  not,  V3  or  Its  associated  components  are  faulty. 

9.  Check  gride  of  tubes  VlB  and  V2B  for  presence  of  PAM  signal  that  is  no  greater 
than  10  volts  peak-tc-pcak.  If  the  signal  is  not  correct,  resistor  R7,  R8,  Rfi,  or 
R13  la  faulty. 

10  check  that  PAM  signal  appears  at  grid  of  tube  VSB.  Its  amplitude  should  be  be¬ 
tween  0  and  15  volts  peak-to-pesk.  If  It  is  not,  resistor  R17  or  R18  is  faulty. 

11  Check  cathode  of  tube  VSB.  The  PAM  signal  (Fig.  8-2,  Note  2  or  3)  should  be 
between  0  and  15  volte  peak- to- peak.  If  it  is  not,  V3  or  its  associated  components 
are  faulty. 

12.  Check  for  ac  video  output  at  TP7,  The  PAM  signal  should  be  between  0  and  15 
volte  peak-to-peak.  If  it  is  not,  capacitor  C4  or  resistor  R18  or  R23  la  faulty. 

8.10  REFERENCE  VOLTAGE  OPTIONAL  CLAMP 

The  Reference  Voltage  Optional  Clamp  restores  the  d-c  level  to  the  PAM  signal  from  the 
Noise  Filter  Amplifier  if  the  DC  Reference  Feedback  Loop  should  fail  to  operate  property. 
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A  schematic  dltgrin  of  the  Clamp  la  in  Fig.  A-5.  If  there  1«  trouble  In  the  Clamp, 
do  the  procedure*  In  Paragraph  8.  a  and  proceed  a*  follow*: 

1*  Check  that  PAM  signal  la  at  Jack  J28.  It  should  he  19  (*1)  volts  peak-to-peak. 
(The  d-c  level  is  not  important  when  die  damp  la  being  used. )  If  It  Is  not,  the 
Mdse  FINe  Amplifier  or  the  connecting  cable  is  faulty. 

X.  Check  output  PAM  signal  at  cither  jack  J29  or  J31.  When  the  SERVO-CLAMP 
twitch  la  at  CLAMP,  the  negative  peeks  should  fall  at  -9  (±0.  5)  volts.  If  It  does 
not,  cheek  voltage  drop  across  diode  CK2.  It  should  be  9  <±o.  5)  volts.  If  It  is  not, 
replace  diode  GR2. 

9.  Che  ok  capacitor  Cl  and  repiaoe  if  neoessary. 

4.  Check  diode  CRi  for  forward  conduction  and  high  inverse  Impedance.  Replace 
diode  if  neoessary. 

8.  ii  GATE  DRIVER  AMPLIFIER 


The  Gate  Driver  Amplifier  Inserts  a  gain  factor  of  approximately  0.  S3  and  a  d-c  offset 
voltage  into  the  PAM  signal.  It  also  contains  the  second  low-pass  filter  of  the  d-c  ref¬ 
erence  feedback  loop.  A  schematic  diagram  of  the  Gate  Driver  Amplifier  is  in  Pig.  A-ll; 
a  block  diagram  of  the  Base  Band  Unit  with  appropriate  waveforms  is  In  Fig.  8-2.  If 
there  is  trouble  in  the  Gate  Driver  Amplifier,  do  the  procedures  in  Paragraph  8. 2  and 
proceed  as  follows; 

1.  Adjust  variable  components  ac  follows:  With  the  input  at  jack  J13  disconnected, 
and  resistor  R18  set  at  mid- so  ale.  resistor  R8  should  be  adjusted  for  sero  output 
at  test  point  TPU.  With  he  input  connected,  resistor  R3  (attenuator)  should  be 
adjusted  so  that  tho  peak-to-peak  voltage  with  full  modulation  is  6. 5  (±  0. 5)  volte. 
Resistor  R18  (DC  Offset  No.  2)  should  be  adjusted  so  that  the  sync  level  Is  -1. 5 
(fc  0. 28)  volts  at  tost  point  TP11,  Resistor  R18  (limiter  bias)  should  be  adjusted 
so  that  the  positive  peeks  of  the  pulse  train  will  be  clipped  at  +8  (±0. 5)  volts. 
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2.  Check  for  input  signal  at  TP9.  It  should  be  as  shown  in  Fig.  8-2,  Note  2  or  8, 
as  applicable.  The  signal  should  be  19  (±1)  volts  with  negative  peaks  at  -9  (±1) 
volts.  If  It  is  not,  checfc  functioning  of  relay  Kl.  If  the  relay  is  functioning  properly, 
the  trouble  Is  In  the  Noise  Filter  Amplifier  or  the  connecting  cable. 

3.  Check  for  presence  of  PAM  signal  on  grid  of  tube  VIA.  It  should  be  between 
4  and  8  volts  peak- to- peak  and  symmetrical  about  the  aero  axis.  If  if  Is  not,  re¬ 
sistor  Rl,  R2,  R3,  or  R5  is  faulty. 

4.  Check  plate  of  tube  VIA.  The  negative  peaks  of  the  PAM  signal  should  be  +180 
(±20)  volte.  If  they  are  not,  VI  or  resistor  R6  or  R7  is  faulty. 

5.  Check  plate  of  tube  V1B.  The  negative  peaks  of  the  PAM  signal  should  be  at 
+180  (±20)  volts.  If  they  are  not,  VI  or  Its  as&ociated  components  are  faulty. 

6.  Check  both  grids  of  tube  V2.  The  PAM  si  goal  should  be  7  (±1)  volts  peak-to- 
peak.  The  negative  peaks  should  be  -2  (±5)  volts.  If  they  are  not,  check  diode 
CM  for  g  175  (±20)  volt  drop.  Also,  check  diode  CR2  for  inverse  breakdown. 

7.  Check  plateB  of  tube  V2  for  +300  (±10)  volts  dc.  If  die  signal  is  not  oorrect, 

V2  or  its  associated  components  are  faulty. 

8.  Check  cathodes  of  tube  V2.  The  PAM  signal  should  be  7  (±11  volts  peak-to-peak. 
The  negative  peaks  should  be  at  +5  (±5)  volts.  If  the  signal  is  incorrect  V2,or  its 
associated  components  are  faulty, 

9.  Check  grid  of  tube  V1B.  The  PAM  signal  shoe  A  be  less  than  6  volts  peak-to- 
peak.  If  it  ie  not,  resistor  Rll  or  R14  or  relay  K2  is  faulty. 

10.  Check  output  at  TP11.  It  should  be  as  shown  in  Fig.  8-2,  Note  4.  The  signal 
should  be  7  (±1)  volts  peak- to- peak.  The  negative  peaks  should  be  aft  +5  (±8)  volts. 

If  the  signal  is  not  correct,  V2  or  its  associated  components  are  faulty. 

11.  Check  relay  K2  to  make  sure  that  resistor  Rll  is  grounded  while  on  record  mode 
and  receives  signal  from  low-pass  filter  on  reproduce  mode.  If  not,  check  relay 
wiring  and  power  to  relay. 
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3.  ii  REFERENCE  AMPLIFIER 

For  Instruction*  on  isolating  and  rapairing  trouble  in  the  Reference  Amplifier,  refer 
to  the  Electro  Instrument*,  Inc. ,  Handbook  of  Operating  and  Maintenance  Instructions, 
A- 12  DC  Amplifier,  A  schematic  diagram  of  the  Reference  Amplifier  is  in  Fig.  A-7. 

8. 13  DATA  BYNC  SEPARATOR 

The  Data  Sync  Separator,  by  means  of  a  40-kc  (Vibration)  or  16-kc  (G-A)  band-pass 
filter,  regenerates  clock  and  data  sync  Information  from  the  PAM  pulse  train.  A 
schematic  diagram  of  the  Vibration  Data  Sync  Separator  is  in  Fig.  A-8;  a  block  dia¬ 
gram  is  in  Fig.  8-3.  A  schematic  diagram  of  the  G-A  Data  Sync  Separator  is  in 
fig.  A-39;  a  block  diagram  is  in  Fig.  8-4.  If  there  is  trouble  in  either  the  Vibration 
or  G-A  Data  Sync  Separator,  do  the  procedures  in  Paragraph  8. 2  and  proceed  as 
follows: 

1.  Make  sure  that  clamp  and  clipper  is  adjusted  properly  by  checking  that  signal 
st  TPl  is  as  shown  in  Fig.  8-3  or  8-4,  as  applicable.  If  not,  adjust  as  follows: 

The  output  level  control  of  the  clamp- and- clipper  circuit,  resistor  Rid,  is  adjusted 
so  that  the  peak-to-peak  amplitude  of  the  output  sine  wave  at  the  junction  of  capacitor 
C14  and  diode  CR7  is  15  (±1)  volts.  Fine  tuning  of  the  tank  circuit  is  made  by 
adjusting  capacitor  C13A. 

To  make  this  adjustment,  a  dual- trace  oscilloscope  should  be  used  to  observe 
the  a-c  video  at  the  junction  of  capacitor  Ci  and  diode  CR3  while  the  band-pass 
filter  output  is  observed  at  pin  d  .  Any  probes  connected  to  the  outputs  of  the  tank 
circuit  should  be  removed  when  making  this  adjustment.  The  phase  difference  be¬ 
tween  the  a-c  video  and  the  band-pass  filter  output  sine  wave  at  pin  d  should  be 
reduced  to  *10  degrees  by  adjusting  capacitor  C13A.  The  zero  crossing  points  of 
these  two  waveforms  should  be  used  when  making  this  phase  comparison.  Zero 
crossing  points  are  half-way  between  peak-to-peak. 
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2.  Check  supply  voltage  across  decoupling  capacitors.  It  should  be  +20  (*1)  volte 
across  C3  and  -10  (±1)  volte  aoroaa  C24.  If  It  la  not,  chook  diode  CR1  for  10  (±1) 
volta  drop,  and  check  both  decoupling  networks. 

3.  Check  for  presence  of  clipped  and  clamped  PAM  signal  at  TP1  (Fig.  8-3  or  8-4, 
a a  applicable).  If  it  la  abaent  or  not  oorreot,  make  the  following  ohecka  In  the  order 
given. 

a.  Check  dlodea  CR3  and  CR13  by  checking  that  PAM  aignal  appears  In  clamped 
form  at  baae  of  translator  Q3. 

b.  Check  that  clamped  PAM  aignal  appears  at  emitter  of  translator  33.  If  it 
does  not,  transistor  Q3  or  resistor  R9  is  faulty. 

4.  Check  for  presence  of  input  at  pin  d,  as  shown  In  Fig.  8-3  or  8-4,  aa  applicable. 
It  should  be  1. 6  (±0. 2)  volts  peak-to-peak.  If  it  la  not,  make  the  following  checks 
In  the  order  given. 

a.  Check  that  clipped  and  clamped  PAM  signal  appears  at  emitter  of  transistor 
Q8.  If  It  does  not,  transistor  Q6,  diode  CR3,  or  resistor  R13,  R14,  R15,  R18, 
or  R19  la  faulty. 

b.  Cheok  that  aine  wave  of  15  (±2)  volta  appears  at  oollector  of  transistor  Qll. 

If  it  does  not,  transistor  Qll  or  its  associated  components  are  faulty. 

c.  Check  diode  CR7  by  checking  that  clamped  aine  wave  appears  at  baae  of 
transistor  Q14. 

d.  Check  that  damped  sine  wave  appears  at  emitter  of  transistor  Q14.  If  It  does 
not,  transistor  Q14  is  faulty. 

e.  Cheok  that  damped  tine  wave  appears  at  emitter  of  transistor  Q17.  If  it  dose 
not,  transistor  Q17  or  resistor  R44  or  R45  is  faulty. 

5.  Cheok  emitter  of  translator  Q9.  Its  output  should  be  a  square  wave.  If  it  le  not, 
make  the  following  checks  In  die  order  given. 

a.  Cheok  diodes  CR9  and  CR10  for  an  approximately  square  wave  of  0. 5  volt 
peak-to-peak.  If  die  signals  are  inoorreot,  diode  CR9  or  CR10,  capacitor  CIS, 
or  resistor  R4S  is  faulty. 
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h.  Check  collector  cf  transistor  Q1P.  Its  output  should  be  an  approximately 
square  wave.  If  it  la  not,  transistor  Q19,  capacitor  C22,  or  resistor  RS3  or 
R54  is  faulty. 

c.  Check  collector  of  ti  ana  la  tor  Q2,  its  output  should  be  an  approximately 
square  wave.  If  it  Is  not,  transistor  Q2,  diode  CR12,  capacitor  C2,  or  resistor 
R2,  Rfl,  or  R7  la  faulty. 

d.  Check  intersection  of  resistors  Rll  and  R12  for  an  approximately  square 
wave.  If  it  la  not  present,  transistor  Q5  or  resistor  Rll  or  R12  is  faulty. 

a.  Check  collector  of  tranaistor  Q7.  Its  output  should  be  an  approximately 
square  wave.  If  it  ia  not,  translator  Q7,  diode  CR5,  capacitor  C7,  or  resistor 
Rlfi  or  R2C  is  faulty.  If  these  components  are  found  to  be  operating  properly, 
the  trouble  is  in  transistor  Q9  or  resistor  R23. 

6.  Check  for  positive  pulse  at  pin  T.  If  it  ia  not  present,  check  emitter  of  tran¬ 
sistor  Q1  for  an  approximate  square  wave.  If  it  is  not  present,  transistor  Q1  or 
resistor  R3  Is  faulty.  If  these  components  are  found  to  be  operating  properly,  the 
trouble  is  transistor  Q4,  capacitor  C4,  diode  CR2,  or  resistor  R8  or  RIO. 

7.  Check  pin  M  for  a  clock  square  wave.  If  it  is  not  present,  transistor  Q8  or 
resistor  R17  or  R21  is  faulty. 

8.  Check  pin  R  for  a  clook  square  wave.  If  it  is  not  present,  transistor  Q10  or 
resistor  R24  or  R28  is  faulty. 

9.  Check  pin  b  for  blocking  oscillator  pulses.  If  they  are  not  present,  make  the 
following  checks. 

a.  Check  emitter  of  tranaistor  Q12  for  a  square  wave.  If  it  is  not  present,  tran¬ 
sistor  Q12  or  resistor  R17  or  R30  ia  faulty. 

b.  Check  collector  of  tranaistor  Q18.  The  output  of  the  one-shot  should  be  as 
shown  in  Fig.  8-3  or  8-4,  as  applicable.  If  it  is  not,  the  one-shot  is  faulty.  In 
this  case,  refer  to  Paragraph  8,  4,  2  for  corrective  action.  If  the  one-shot  is 
found  to  be  operating  properly,  the  blocking  oscillator  is  faulty.  In  this  case 
refer  to  Paragraph  8.  4. 1  for  corrective  action. 
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8. 14  FRAME  SYNC  SEPARATOR 

The  Frame  Sync  Separator  generates  a  sync  pulse  for  each  sync  interval  in  the  com¬ 
posite  PAM  pulse  train.  A  schematic  diagram  of  the  Vibration  Frame  Sync  Separator 
Is  in  Fig.  A-9;  a  block  diagram  is  in  Fig.  8-5.  A  schematic  diagram  of  the  G- A  Frame 
Sync  Separator  is  In  Fig.  A-4C;  a  block  diagram  is  in  Fig.  8-9.  If  there  is  ‘.rouble  In 
either  the  Vibration  of  the  Q-A  Frame  Sync  Separator,  do  the  procedures  in  Paragraph 
8.  2  and  proceed  as  follows: 

1.  Make  sure  that  variable  components  are  adjusted  properly  in  accordance  with 
Volume  I,  Section  4. 

2.  Check  supply  voltages  across  decoupling  capacitors.  It  should  be  +20  (±11  volts 
across  capacitor  Cl  and  -10  (±1)  volts  across  capacitor  C3.  If  It  is  not,  check 
diode  CR1  fur  10  (*i)  volts  drop,  and  check  both  decoupling  networks. 

3.  Check  pin  R  for  a  clock  sauare  wave.  If  It  is  not  present,  refer  to  Paragraph 
8.  3  for  corrective  action. 

4.  Check  for  clock  pulsee  at  pin  S.  Jf  it  is  not  present,  the  clock  blocking  oscil¬ 
lator  is  faulty.  Refer  to  Paragraph  8. 4. 1  for  corrective  action. 

5.  Check  collector  of  transistor  Q9.  The  output  of  the  one-shot  should  be  as  shown 
in  Fig.  8-5  or  8-6,  as  applicable.  If  it  la  not,  the  one -shut  is  faultv.  Refer  to 
Paragraph  8.  4. 2  for  corrective  actios,. 

6.  Check  collectors  of  transistors  Q10  and  Qll  for  negative  blocking  oscillator 
pulses.  If  they  are  not  present,  the  blocking  oscillator  is  faulty.  Refer  to  Para¬ 
graph  8. 4. 1  for  corrective  action. 

7.  Check  for  presence  of  clipped  and  clamped  PAM  signal  at  TP1.  It  should  be 
as  shown  In  Fig.  8-5  or  8-8,  as  applicable.  If  It  is  not,  make  the  following  checks 
in  the  order  given. 
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a.  Check  diodes  CR2  and  CR11  by  checking  that  clamped  and  clipped  PAM  signal 
appear*  at  base  of  transistor  Ql 

b.  Check  that  damped  PAM  signal  appear*  at  emitter  of  transistor  Ql.  If  it 
does  not,  transistor  Ql  or  resistor  R6  is  faulty. 

8.  Check  output  at  TP2.  It  should  be  as  shown  in  Fig.  8-5  or  6-8,  as  applicable. 

If  it  is  not,  diode  CR3  or  its  associated  components  are  faulty. 

9.  Check  emitter  of  transistor  Q2.  Its  output  should  be  a  negative  spike  of  approxi¬ 
mately  1  volt.  If  it  is  not,  transistor  Q2  or  its  associated  components  are  faulty. 

10.  Check  collector  of  transistor  Q3.  Its  output  should  be  as  shown  in  Fig.  8-5 
or  8-6,  as  applicable.  If  it  is  not,  transistor  Q3  or  its  associated  components  are 
faulty. 

11.  Check  for  blocking  oscillator  pulses  at  pin  P.  If  they  are  not  present,  the 
blocking  oscillator  is  faulty.  Refer  to  Paragraph  8. 4. 1  for  corrective  action. 

8.15  EIGHT-BIT  SHIFT  REGISTER 

The  Eight-Bit  Shift  Register  delays  sync  information  eight  data  channels  in  time  so 
that  the  signal  can  be  logically  compared.  A  schematic  diagram  of  the  Vibration  Eight- 
Bit  Shift  Register  is  in  Fig.  A- 10;  a  block  diagram  is  in  Fig.  8-7.  A  schematic  diagram 
of  trie  G-A  Eight- Bit  Shift  Register  is  in  Fig.  A-41;  a  block  diagram  is  in  Fig.  8-8.  If 
there  is  trouble  in  either  the  Vibration  of  the  G-A  Eight-Bit  Shift  Register,  do  the  pro¬ 
cedures  in  Paragraph  8.2  and  proceed  as  follows: 


1.  Check  supply  voltage  across  decoupling  capacitor  C20.  It  should  be  20  (±1)  volts. 
If  it  is  not,  check  decoupling  network. 

2.  Check  pin  M  for  dock  square  wave.  If  it  is  not  present,  refer  to  Paragraph  8.  3 
for  corrective  action. 

3.  Check  collector  of  transistor  Q2  for  a  square  wave  of  18  (±2)  volts.  If  it  is  not 
present,  transistor  Q2,  capacitor  C2,  diode  CR3,  or  resistor  R4  or  R5  is  faulty. 
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4.  Check  pin  S  for  reset  puleee,  as  shown  in  Fig.  8-7  or  8-8  as  applicable.  If  they 
are  not  present  or  correct,  refer  to  Paragraph  8. 3  for  corrective  action. 

5.  Check  pin  P  for  sync  pulses.  If  they  are  not  present  or  correct,  refer  to  Para¬ 
graph  8. 3  for  corrective  action. 

6.  Check  collector  of  transistor  Ql.  Its  output  should  be  positive  rectangular  pulses 
of  18  (±2)  volts  that  are  in  time  phase  with  sync  pulses  on  pin  P.  If  not,  the  flip-flop 
is  faulty.  Refer  to  Paragraph  8. 4. 3  for  corrective  action. 

7.  Check  collector  of  transistor  Q3.  Its  output  should  be  a  negative  (from  +20  volts) 
rectangular  pulse  of  18  (+2)  volts  that  is  in  time  phase  with  the  sync  pulse  on  pin  P. 

If  it  is  not,  the  flip-flop  is  faulty.  Refer  to  Paragraph  8. 4.  3  for  corrective  action. 

8.  Check  emitter  of  transistor  Q23.  There  should  be  a  positive  rectangular  pulse 
of  18  (±2)  volte  that  Is  in  time  phase  with  the  sync  pulse  on  pin  P.  If  not,  translator 
Q23  or  resistor  R60  Is  faulty. 

9.  Check  intersection  of  diodes  CR8  and  CR7,  capacitor  C5,  and  resistor  RlO.  The 
signal  should  charge  exponentially  to  18  (±2)  volts  and  discharge  to  0  during  the  pos¬ 
itive  portion  of  the  clock  square  wave  on  pin  M.  This  should  be  in  time  phase  with 
the  sync  pulses  at  pi*  P.  If  the  signal  or  time  phasing  is  incorrect,  diode  CR6  or 
CR7.  capacitor  C5,  or  resistor  RIO  is  faulty. 

10.  Check  intersection  of  diodes  CR4  and  CR5,  capacitor  C4,  and  resistor  R9.  The 
signal  should  charge  exponentially  to  18  (±2)  volts  and  discharge  to  0  during  the  pos¬ 
itive  portion  of  the  square  wave  on  pin  M.  It  should  be  present  every  time  that  there 
.is  a  clock  square  wave  and  not  a  signal  on  pin  P.  If  the  signal  or  time  phasing  Is 
incorrect,  diode  CR4  or  CR5,  capacitor  C5,  or  resistor  R9  is  faulty. 

11.  Check  intersection  of  diodes  CR8  and  CR9  and  capacitor  C5.  There  should  be 
a  negative  spike  for  every  pulse  on  pin  P.  If  there  is  not,  diode  CR8  or  CR9  or 
capacitor  CS  is  faulty. 

12.  Check  intersection  of  diodes  CR10  and  CR11  and  capacitor  C4.  There  should 
be  a  negative  spike  every  time  that  there  is  a  clock  square  wave  and  not  a  signal  at 
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pbP.  Kiki  signal  or  time  phasing  Is  not  correct  diode  CR10  or  GR11  or  capacitor 
C4  Is  foully. 

li>  Chsoh  collector  of  transistor  Q4.  Tbs  re  abould  be  a  positive  rectangular  pulse 
of  It  (*2)  voRa  and  it  should  bo  delayed  one  clock  period  with  respect  to  the  pulse 
on  pin  P.  If  die  signal  is  incorrect,  the  flip-flop  is  faulty.  Refer  to  Paragraph 
8.4. 3  for  corrective  action. 

14.  Cheek  collector  of  transistor  Q6.  Us  output  should  be  a  negative  rectangular 
pulse  of  18  (*2)  volts  that  la  delayed  one  dock  period  with  respect  to  the  sync  pulse 
on  pin  P.  Ktte  signal  is  incorrect,  die  flip-flap  Is  faulty.  Refor  to  Paragraph  8. 4. 3 
for  corrective  action. 

15.  Check  each  remaining  stage  by  doing  steps  9  through  12  for  each  stage. 

NOTE:  Time  phasing  of  signals  in  die  first-stage  flip-flop  will  be  delayed 
one  dock  period  from  those  in  the  buffer  flip-flop.  Time  phasing 
of  the  signal  in  the  second  stage  flip-flop  will  be  delayed  two  clock 
periods  from  those  in  tbs  buffer  flip-flop,  etc.  Also,  the  signals 
will  be  measured  on  corresponding  components  with  different  ref¬ 
erence  designation  numbers. 

16.  Check  emitter  of  transistor  Q20.  Its  output  should  be  as  shown  for  pin  U  in 
Fig.  8-7.  If  it  le  not,  transistor  Q20  or  resistor  R57  is  faulty.  For  G-A,  check 
emitter  of  transistor  Q21.  its  output  should  be  the  same  as  that  shown  for  pin  X 
in  Fig.  8-8.  If  it  is  not,  transistor  Q21  or  resistor  R58  is  faulty. 

8. 16  ONE-BIT  SHIFT  REGISTER 

The  One-Bit  Shift  Register  produces  an  output  pulse  whenever  (1)  sync  pulses  from  the 
Frame  Sync  Separator  arrive  one  clock  period  apart  and  (2)  whenever  two  pulses  from 
dm  Eight-Bit  Shift  Register  coincide.  A  schematic  diagram  of  the  One-Bit  Shift  Register 
la  In  Fig.  A-41;  a  block  diagram  Is  in  Fig.  8-9.  If  there  is  trouble  in  the  One-Bit  Shift 
Register,  do  the  procedures  In  Paragraph  8. 2  and  proceed  as  follows: 
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1.  Oh* ok  ly  voltage  aorraa  decoupling  capacitor  CIO.  II  should  b*  +80  (*  1) 

vote.  V  it  1*  not,  ok*ok  daoonpllng  network.  Also,  ohsok  voltage  at  osthods  of 
dlods  CM.  II  should  bs  10  (*1)  volts.  K  not,  diode  CM  or  resistor  Ml  is  foully. 

1.  Ohsok  tap*  at  pis  8.  It  should  bs  ss  shown  in  Fif.  0-9.  if  It  Is  not,  refer  to 
VfcMgttgh  1. 2  for  oorreotiv*  action. 


S.  Chack  input  at  pin  P.  ft  should  bs  as  show  i  in  Fig.  8-9.  If  it  is  not,  refer  to 
Paragraph  0.  S  for  oorreotiv*  action. 

4.  Chaok  input  at  pin  M.  ft  should  bs  as  shown  in  Fig.  8-9.  If  it  Is  not,  refer  to 
Paragraph  8. /  or  corrective  action. 


8.  Check  input  at  pin  K.  ft  should  bs  as  shown  in  Fig.  8-9.  If  it  is  not,  refer  to 
Paragraph  6. 3  for  corrective  action. 

8.  Check  input  at  pin  X.  It  should  be  as  shown  in  Fig.  8-9.  If  it  is  not,  refer  to 
Paragraph  8. 3  for  corrective  action. 


7.  Check  er  tor  araistor  Q2.  Its  output  should  be  positive  rectangular 
pulses  of  18  (±2)  volts  that  are  In  time  phase  with  die  sync  pulses  st  pin  p.  If  not, 
the  flip-flop  is  faulty  Refer  to  Paragraph  8. 4. 3  far  corrective  action. 

8.  Check  collector  o*  relator  Q3.  Ha  output  should  be  a  negative  (from  +20  volte) 
rectangular  pulse  of  18  (+3)  volts  in  time  phase  with  the  sync  pulse  at  pin  P.  If  it 

is  not,  the  flip-flop  is  faulty.  Refer  to  Paragraph  8. 4. 3  for  corrective  action. 


9.  Check  intersection  of  diode  CR6,  diode  CR7,  capacitor  C5,  and  resistor  Rll. 
Hie  signal  should  charge  exponentially  to  18  (±2)  volts  and  discharge  to  0  during  the 
positive  portion  of  the  dock  square  wave  at  pin  M.  This  should  occur  in  time  phase 
with  the  sync  pulses  at  pin  P.  If  the  signal  or  time  phasing  la  incorrect,  diode  CR6 
or  CR7,  capacitor  CS,  or  resistor  Rll  is  faulty. 


10.  Check  intersection  of  diode  CR4,  diode  CRS,  capacitor  C4,  and  resistor  R10. 
The  signal  should  charge  exponentially  to  18  (+2)  volts  and  discharge  to  0  during 
the  positive  portion  of  the  square  wave  on  pin  M.  It  should  be  present  every  time 
diet  there  is  a  square  wave  and  not  a  signal  on  pin  M.  If  the  signal  or  time  phasing 
is  incorrect,  diode  CR4  or  CRS,  capacitor  C4,  or  resistor  R10  is  faulty. 
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11.  Check  intersection  of  diode  CR8,  diode  CR9,  and  capacitor  C6.  There  should 
be  a  negative  spike  for  every  pulse  on  pin  P.  If  not,  diode  CR8  or  CRB  or  resistor 
RIO  is  faulty. 

12.  Check  intersection  of  diodes  CR10  and  CR11  and  capacitor  C4.  There  should 
be  a  negative  spike  every  time  that  there  is  a  clock  square  wave  axed  not  a  signal 
at  pin  P.  If  the  signal  or  time  phasing  is  not  correct,  diode  CR10,  CR11,  or  ca¬ 
pacitor  C4  is  faulty. 

13.  Check  collector  of  transistor  Q4.  There  should  be  a  positive  rectangular  pulse 
of  18  ( ±2)  volts  and  it  should  be  delayed  one  clock  period  with  respect  to  the  pulse 
on  pin  P.  If  the  signal  is  not  correct,  the  flip-flop  is  faulty.  Refer  to  Paragraph 

8. 4.  3  for  corrective  action. 

14.  Check  collector  of  translator  Qfi.  Its  output  should  be  a  negative  rectangular 
pulse  of  18  (±2)  volts  diet  is  delayed  one  clock  period  with  respect  to  die  sync  pulse 
on  pin  P.  If  die  signal  Is  Incorrect,  die  flip-flop  la  faulty.  Refer  to  Paragraph  8. 4. 3 
for  corrective  action. 

15.  Check  emitters  of  transistors  Q6  and  Q7.  The  signal  at  each  point  should  be 
as  described  previously  for  the  collectors  of  transistors  Q4  and  Q2,  respectively. 

If  not,  transistor  Q6  or  Q7,  or  resistor  R16  or  R17  is  faulty. 

16.  Check  intersection  of  diode  CR12,  diode  CR13,  and  resistor  R8.  The  signal 
should  be  a  rectangular  pulse  of  18  (±2)  volts  amplitude  that  is  in  time  phase  with 
Channel  1  sync  pulse  on  pin  P.  If  it  is  not,  diode  CR12,  diode  CR13,  or  resistor 
R8  is  faulty. 

17.  Check  intersection  ox  cUode  CR14,  diode  CR15,  and  resistor  RB.  The  signal 
should  be  a  rectangular  positive  pulse  of  18  (±2)  volts  that  is  in  time  phase  with 
Channel  9  sync  pulse  at  pin  P.  If  It  is  not,  diode  CR14,  diode  CR15,  or  resistor 
R9  is  faulty. 

18.  Check  intersection  of  emitters  of  transistors  Q3  and  Q9,  resistor  R20,  and 
capacitor  C6.  The  signal  should  be  positive  rectangular  pulses  of  18  (±2)  volts  in 
time  phase  with  Channel  1  and  Channel  9  sync  pulses  at  pin  P.  if  it  is  not,  tran¬ 
sistor  Q8  or  Q9,  resistor  R20,  cur  capacitor  C6  Is  faulty. 
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10,  Check  output  af  pin  f.  It  should  be  an  shewn  In  Fig.  8-9  with  an  amplitude  of 
8  (±8)  volte,  and  it  should  be  in  time  phase  wife  the  pulses  measured  in  Step  18. 

8,17  PROGRAMMER 

The  Programmer  perform,  the  AhlHng  logic  associated  with  the  Eight-Bit  Shift  Regis¬ 
ter  and  provides  the  binary  countdown  for  the  Sync  Gets.  A  schematic  diagram  of  the 
Programmer  Is  In  Fig.  A- 11;  »  block  diagram  Is  in  Fig.  8-10.  If  there  is  trouble  in 
ihe  Programmer,  do  the  procedures  In  Paragraph  8. 2  and  proceed  as  follows: 

1.  Check  supply  voltage  across  decoupling  capacitor  C6.  It  should  be  +20  fcl) 
volts.  If  it  Is  not,  check  decoupling  network. 

2.  Check  pin  K  for  Input  as  shown  in  Fig.  8-10.  If  the  input  Is  incorrect,  refer  to 
Paragraph  8. 3  for  corrective  aotiai. 

3.  Check  pin  U  for  Input  as  shown  in  Fig.  8-10.  If  the  input  Is  incorrect,  refer  to 
Paragraph  8. 3  for  corrective  action. 

4.  Check  base  of  transistor  Ql.  Its  output  should  be  as  shown  in  Fig.  8-10.  If  it 
is  not,  cheok  diodes  CR1  and  CR2,  transistor  Ql,  and  resistor  Rl. 

5.  Check  pin  Z  fur  waveform  as  shewn  in  Fig.  8-10.  If  it  is  not  correct,  transistor 

Ql  or  resistor  R2  Is  faulty. 

6.  Check  pin  d  for  keying  pulse  Input  as  shown  In  Fig.  8-10.  If  it  Is  not  correct, 
refer  to  Paragraph  8. 3  for  corrective  action. 

7.  Check  pin  f  for  main  frame  sync  input  as  shown  in  Fig.  8-10.  If  It  is  not  cor¬ 
rect,  refer  to  Paragraph  8. 3  for  corrective  action. 

8.  Check  pin  a  for  keying  pulse  output  as  shown  in  Fig.  8-10.  If  it  Is  not  correct, 
the  flip-flop  is  faulty.  Refer  to  Paragraph  8. 4. 3  for  corrective  action. 
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8.  IS  SYNC  SELECTOR 

the  Sync  Se'aotor  gates  aubootn  sync  pula**  to  the  auboom  sync  gate  and  combines 
thuM  paisas  with  main  frama  sync  pulses.  Thy  combination,  oallad  composite  frame 
sync,  la  delivered  to  tha  Record  Electronic*  for  recording.  A  schematic  diagram  of 
the  Vibration  florae  flatootor  la  in  Fig.  A- 18;  a  block  diagram  ia  in  Fig.  8-11.  A  sche¬ 
matic  diagram  of  tha  O-A  gync  Sslaotor  ia  in  Fig.  A- 42;  a  block  diagram  la  in  Fig.  8-12. 
If  thars  la  trouble  in  either  dm  O-A  Sync  Selector  or  tha  Vibration  Sync  Selector,  do 
the  procedures  in  Paragraph  8. 2  and  proceed  as  follows: 

1.  Check  supply  voltage  across  decoupling  capacitor  Cl.  It  should  be  +20  (±1)  volts. 
If  It  is  not,  check  decoupling  network.  Check  voltage  across  decoupling  capacitor 
C2.  It  should  be  -10  (+1)  volts.  If  it  la  not,  check  resistor  R5,  diode  CR1,  and 
capacitor  C2. 

2.  Check  input  at  pin  Z.  It  should  be  as  shown  in  Fig.  8-11  or  8-12,  as  applicable. 
If  It  is  not,  refer  to  Paragraph  8. 3  for  corrective  action. 

2,  Check  emitter  of  translator  QB.  It  should  be  the  same  as  dm  input  as  pin  Z,  as 
shown  in  Fig.  8-11  or  8-12,  as  applicable.  If  it  is  not,  transistor  Q2  or  resistor 
R6  la  faulty. 

4.  Check  input  at  pin  K.  R  should  be  as  shown  In  Fig.  8-11  or  8-12,  as  applicable, 
if  it  ia  not,  refer  to  Paragraph  8. 3  for  corrective  action. 

8.  Check  collector  of  translator  Q3.  Its  output  should  be  -10  (±1)  volts  with  base¬ 
line  at  +14  (+3)  volts.  If  it  is  not,  resistor  R3,  R7,  or  R9  or  transistor  Q3  or 
QS  is  faulty. 

8.  Check  input  at  pin  P.  It  should  be  as  shown  in  Fig.  8-11  or  8-12,  as  applicable. 
If  it  is  not,  refer  to  Paragraph  8.  3  for  corrective  action. 

7.  Check  emitter  of  transistor  Ql.  Ha  output  should  be  the  same  as  the  input  at 
pin  P,  as  shown  in  Fig.  8-11  or  8-12,  as  applicable.  If  it  ia  not,  transistor  Ql  or 
resistor  R4  is  faulty. 
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8.  Check  collector  of  transistor  Q4.  Its  output  should  be. the  same  as  the  input 
at  pin  P,  as  shown  in  Fig.  8-11  or  8-12*  as  applicable.  If  it  is  act,  transistor 
Q4,  resistors  R8  or  RIO,  or  capacitor  C?  is  faulty. 

9.  Check  output  at  pin  d.  It  should  be  as  shown  in  Fig.  8-11  or  8-1$,  as  applicable. 
If  it  ia  not,  transistor  Q7  or  resistor  R12  is  faulty. 

10.  Check  emitter  of  transistor  Q6.  Its  output  should  be  the  seme  as  the  output  at 
pin  d,  afc  shown  in  Fig.  8-11  or  8-12,  as  applicable.  If  il  ls  not,  translator  Q5  or 
Q6  or  resistor  Rll  is  faulty. 

11.  Check  output  at  pin  f.  It  should  be  as  shown  in  Fig.  8-11  or  8-12,  an  applicable 
If  it  is  not,  the  blocking  oscillator,  capacitors  C3  or  C4,  resistor  R13,  or  diode  CR2 
is  faulty.  Refer  to  Paragraph  8.  4. 1  for  procedures  on  tr  oubleshooting  die  blocking 
oscillator. 

8.19  SYNC  GATE  ^ 

The  Sync  Gate  allows  sync  pulses  to  pass  only  when  a  true  sync  pu2e«  is  expected.  All 
other  potential  sync  pulses  are  blocked  from  the  Demultiplexer.  A  schematic  diagram 
of  the  Sync  Gate  is  in  Fig.  A-13;  a  block  diagram  ia  in  Fig.  8-13.  If  there  is  trouble 
in  the  Sync  Gate,  proceed  as  follows: 

1.  Make  sure  that  variable  components  aro  adjusted  properly  in  accordance  with 
Volume  I,  Section  4. 

2.  Check  supply  voltage  across  decoupling  capacitor  C2.  It  should  be  20  (±1)  volts. 
If  it  is  not,  check  decoupling  network. 

3.  Check  pin  a  for  keying  pulae  input  as  shown  in  Fig.  8-13.  If  it  1s  not  present, 
refer  to  Paragraph  8.  3  for  corrective  action. 

4.  Check  pin  Z  for  sync  pulse  input  as  shown  in  Fig.  8-13.  If  it  is  not  present,  re¬ 
fer  to  Paragraph  8.  3  for  corrective  action. 
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5.  Check  cathode  of  diode  CR1.  Ite  output  should  be  a  positive  spike  that  is  in  time 
phase  with  the  input  at  pin  Z.  If  it  la  not,  capacitor  Cl  or  CS,  diode  CR1,  or  reeia- 
tor  HI  is  faulty. 

6.  Check  collector  of  translator  Q4.  Ite  output  should  be  a  waveform  that  starts 
at  +18  (±2)  volts  and  falls  off  exponentially  to  +4  (±2)  volts;  it  should  than  return  to 
+18  (+2)  volts  with  a  rise  time  of  less  than  2  microseconds.  There  should  be  a 
nominal  delay  of  from  5  to  10  microseconds  between  the  positive- going  portions  of 
the  waveforms  on  pin  z  and  die  collector  of  transistor  Q4.  If  not,  one-shot  no.  I 
is  faulty.  Refer  to  Paragraph  8. 4. 2  for  corrective  action. 

7.  Check  voltage  of  terminal  2  of  transformer  Tl.  It  should  be  a  positive  blocking 
oscillator  pulse  of  7  (±2)  volts.  If  it  is  not,  blocking  oscillator  no.  1  la  faulty.  Sa¬ 
fer  to  Paragraph  8. 4. 1  for  corrective  action. 

8.  Check  emitter  of  transistor  Q9.  Its  output  should  be  a  positive  blocking  oscillator 
pulse  of  8  (±2)  volts.  If  it  is  not,  transistor  Q9  or  resistor  R27  or  R28  Is  faulty. 

9.  Check  emitter  of  transistor  Qll.  Its  output  should  be  as  shown  in  Fig.  3~13. 

If  it  is  not,  transistor  Qll  or  resistor  R32  or  R39  is  faulty. 

10.  Check  the  following  points  in  the  circuitry. 

NOTE:  The  waveforms  at  the  following  points  are  interrelated.  If  one  is 
incorrect,  all  win  probably  be  incorrect.  Fur  normal  operation, 
the  waveforms  should  be  as  given  in  steps  19s  through  10e. 

a.  Collector  of  transistor  Q8:  Waveform  should  start  at  +18  (+2)  volts  and  fall 
off  exponentially  to  +4  (±2)  volts;  it  should  then  return  to  +18  (±2)  volts  with  s  rise 
time  of  less  than  2  microseconds. 

b.  Collector  of  transistor  Q3:  Waveform  should  be  as  shown  in  Fig.  8-13  (Q1E). 

If  it  Is  not,  one-shot  no.  2  or  the  flip-flop  is  faulty.  Refer  to  Paragraph  8. 4. 2  and 
8. 4.  3,  respectively,  for  corrective  action. 

c.  Collector  of  transistor  Q5:  Waveform  should  be  the  complement  of  die  wave¬ 
form  of  Q1  as  shown  in  Fig.  8-13  (Q1E).  If  it  is  not,  the  flip-flop  is  faulty.  Refer 
to  Paragraph  8. 4. 3  for  corrective  action. 
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i  Callwtor  of  translator  Q12:  There  should  ba  a  blocking  oscillator  pulse  that 
is  S  (if)  volts  high.  K  sot,  transistor  Q12  or  Its  associatad  components  are 

«.  Mi  f:  Waveform  should  ha  aa  shown  in  Fig.  8-13.  If  it  is  not,  blocking  oscil¬ 
lator  no.  his  faulty.  Refer  to  Paragraph  8. 4. 1  for  corrective  action. 

8.18  ZERO  DATA  SELECTOR 


Karo  Data  Selector  separates  alternating  saro  data  on  Channel  1  from  alternating 
Information  on  Channel  1.  A  schematic  diagram  of  the  Zero  Data  Selector  la  In 
A- 14;  a  block  diagram  is  in  Fig.  8-14.  If  there  is  trouble  in  die  Zero  Data  Selector, 


•  procedures  in  Paragraph  8. 2  and  proceed  aa  follows : 


1.  Check  supply  voltage  across  decoupling  capacitors.  It  Bhould  be  +20  (±  1)  volts 
across  capacitor  C2  and  -20  (±1)  volts  across  capacitor  Cl.  If  it  is  not,  check  de¬ 
coupling  networks. 

2.  Check  cathode  of  diode  CR5  for  -10  (4)  volts.  If  it  is  not  correct,  check  diode 
CRO  and/or  resistor  R3. 

3.  Check  pin  f  for  main  frame  sync  pulses  as  shown  in  Fig.  8-14.  If  they  are  not 
present,  refer  to  Paragraph  8.  3  for  corrective  action. 

4.  Check  pin  d.  Its  output  should  be  as  shown  for  Q1E  in  Fig.  8-14.  If  it  is  not, 
refer  to  Paragraph  8. 3  for  corrective  action. 

5.  Check  emitter  of  transistor  Ql.  Its  output  should  be  as  shown  in  Fig.  8-14. 

If  it  is  not,  transistor  Ql  or  resistor  R4  is  faulty. 

6.  Check  collector  of  transistor  Q2.  Its  output  should  be  the  same  as  that  shown 
for  Q4E  on  Fig.  8-14.  If  it  is  not,  the  flip-flop  is  faulty.  Refer  to  Paragraph  8. 4.  3 
for  corrective  action. 

7.  Check  collector  of  transistor  Q3.  .  Its  output  should  be  the  complement  of  the 
waveform  shown  for  Q4E  in  Fig.  8-14.  If  it  is  not,  the  flip-flop  is  faulty.  Refer 
to  Paragraph  8. 4.  3  for  corrective  action. 
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Fig.  8-14  Zero  Data  Selector  Block  Diagram 
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i.  Check  emitter  of  translator  Q4.  Its  output  should  be  as  shown  in  Fig.  8-14.  If 
tt  Is  not,  transistor  Q4,  resistor  R21,  or  diode  CR4  is  faulty. 

t.  Check  intersection  of  diode  CR4,  resistor  R17,  and  resistor  R16.  Its  output 
should  be  a  rectangular  pulse  from  -15  (±2)  to  -8  (±1)  volts.  These  rectangular 
pulses  should  00 our  one-half  as  oftsn  as  the  pulses  at  the  emitter  of  transistor  Ql. 

If  it  is  not,  diode  CR4,  resistor  R17,  or  resistor  R16  is  faulty. 

10.  Check  collector  of  transistor  Q7.  Its  output  should  be  rectangular  pulses  that 
are  going  negative  from  +19  (±1)  volts  to  -10  (el)  volts  in  phase  with  the  signal  at 
the  Intersection  of  CR4,  R17,  and  R16.  If  it  is  not,  transistor  Q7  or  resistor  R13 
or  R16  is  faulty. 

11.  Check  pin  h  for  the  waveform  shown  in  Fig.  3-14.  If  it  is  not  correct,  refer 
to  Paragraph  8.  3  for  corrective  action. 

12.  Check  pin  V  for  the  waveform  shown  in  Fig.  8-14.  If  it  is  not  correct,  tran¬ 
sistor  Q5  or  Q6  or  their  associated  components  are  faulty. 

8.21  FREQUENCY  DIVIDER 

The  Frequency  Divider  divides  the  Data  Sync  frequency  by  a  factor  of  e.'ght  for  Vibration 
Siyi  four  for  G-A.  Schematic  diagrams  of  the  Frequency  Divider  sure  in  Figs.  A-15  and 
A-44;  a  block  diagram  is  in  Fig.  8-15.  If  there  is  trouble  in  either  the  Vibration  or  the 
G-A  Frequency  Divider,  do  the  procedures  in  Paragraph  8.2  and  proceed  as  follows; 

1.  Check  supply  voltage  across  decoupling  capacitor  Cl.  It  should  be  -20  (±1)  volts. 

If  it  Is  not,  check  decoupling  network. 

2.  Check  input  at  pin  b.  It  should  be  as  shown  in  Fig.  8-15.  If  it  is  not,  -efer  to 
Paragraph  8.  3  for  corrective  action. 

3.  Check  collector  of  transistor  Ql.  Its  output  should  be  the  same  as  that  for  pin  ], 
as  shown  in  Fig.  8-15.  If  it  is  not,  flip-flop  no.  1  is  faulty.  Refer  to  Paragraph  8. 4.  3 
for  corrective  action. 
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Fig.  8-15  Frequency  Divider  Block  Diagram 
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4.  Check  collector  of  transistor  Q4.  Its  output  should  be  the  some  as  that  of  pin  Y, 

as  ithown  in  Fig.  8-15.  If  it  is  not,  flip-flop  no.  2  is  faulty.  Refer  to  Paragnph  8. 4. 3 

r 

for  oorreotivs  action. 

5.  Check  collector  of  transistor  Q7.  Its  output  should  be  die  same  as  that  of  pin  P, 
as  shown  in  Fig.  8-15.  If  it  is  not,  flip-flop  no.  3  is  faulty.  Refer  to  Paragraph 

8. 4. 3  for  corrective  action. 

6.  Check  output  at  pin  P.  It  should  be  as  shown  in  Fig.  8-15.  If  it  is  not,  tran- 
sistotr  Q9  or  resistor  R34  is  faulty. 

8.22  EICHT-CHANNEL  PULSE  SEQUENCER 

The  Eight- Channel  Pulse  Sequencer  generates  eight  pulses  on  eight  separate  output 
lines  in  sequence  from  the  clock  pulse  input.  Schematic  diagrams  of  the  Eight-Channel 
Pulse  Sequencer  are  in  Figs.  A- 16  and  A-45;  a  block  diagram  is  in  Fig.  8-16.  If  there 
is  trouble  in  either  die  Vibration  or  G-A  Eight-Channel  Pulse  Sequencer,  do  the  pro¬ 
cedures  in  Paragraph  8.2  and  proceed  as  follows: 

1.  Check  input  voltage  across  decoupling  capacitor  C136.  it  should  be  -20  (±1)  volts. 

If  It  is  not,  check  decoupling  network. 

2.  Check  input  at  pin  b.  It  should  be  as  shown  in  Fig.  8-16.  If  it  i3  not,  refer  to 
Paragraph  8.  3  for  corrective  action. 

3.  Check  collector  of  transistor  Q102.  Its  output  should  be  a  square  wave  at  one- 
half  the  trigger  frequency.  If  it  is  not,  the  flip-flop  is  faulty.  Refer  to  Paragraph 
8. 4.  3  for  corrective  action. 

4.  Check  collector  of  transistor  Q101.  Its  output  should  be  a  square  wave  at  one- 
half  the  trigger  frequency  and  opposite  in  phase  to  the  signal  in  Step  3.  If  It  is  not, 
flip-flop  no.  1  is  faulty.  Refer  to  Paragraph  8. 4. 3  for  corrective  action. 

5.  Check  collector  of  transistor  Q104.  Its  output  should  be  a  square  wave  at  one- 
fourth  the  trigger  frequency. 


8-44 


LOCKHEED  AIRCRAFT  CORPORATION 


MISSILES  and  SPACE  DIVISION 


LMSD-288025 


6.  Check  collector  of  transistor  Q103.  Ita  output  should  be  a  square  wave  at  one- 
(ourth  tbs  trigger  frequency  and  opposite  in  phase  to  the  algial  in  Step  5.  If  it  is 
not,  flip-flop  no.  8  is  faulty.  Refer  to  Paragraph  8. 4.  3  for  corrective  action. 

7.  Check  collector  of  transistor  QUO.  its  output  should  be  a  square  wave  at  one- 
four  th  die  trigger  frequency. 

8.  Check  collector  of  transistor  Q109.  Its  output  should  be  s  square  wave  at  one- 
fourth  the  trigger  frequency  and  oppoeite  in  phase  to  the  signal  in  Step  7.  If  it  is 
not,  flip-flop  no.  3  is  faulty.  Refer  to  Paragraph  8. 4.  3  for  corrective  action. 

9.  Check  collector  of  transistor  Q103.  Its  output  should  be  as  shown  in  Fig.  8-16, 
Note  (A). 

10.  Check  collector  of  translator  Q107.  Its  output  should  be  as  shown  in  Fig.  8-16, 
Note  (B).  If  it  is  not,  flip-flop  no.  4  is  faulty.  Refer  to  Paragraph  8. 4. 3  for  cor¬ 
rective  action. 

11.  Check  collector  of  transistor  Q106.  Its  output  should  be  as  shown  in  Fig.  8-16, 
Note  (C). 

12.  Check  collector  of  transistor  Q105.  Its  output  should  be  as  shown  in  Fig.  8-16, 
Note  (D).  If  it  is  not,  flip-flop  no.  5  is  faulty.  Refer  to  Paragraph  8. 4.  3  for  cor¬ 
rective  action. 

13.  Check  collector  of  transistor  Q112.  Its  output  should  be  as  shown  in  Fig.  8-16, 
Note  (E). 

14.  Check  collector  of  transistor  Qlll.  Its  output  should  be  as  shown  in  Fig.  J-16, 
Note  (F).  If  it  is  not,  flip-flop  no.  6  is  faulty.  Refer  to  Paragraph  8. 4.  3  for  cor¬ 
rective  action. 

15.  Check  collector  of  transistor  QU4.  Its  output  should  be  ss  shown  in  Fig.  8-16, 
Note  (Q). 

16.  Check  collector  of  transistor  Q113.  Its  output  should  be  as  shown  in  Fig.  8-16, 
Note  (H).  If  it  is  not,  flip  flop  no.  7  is  faulty.  Refer  to  Paragraph  8. 4.  3  for  cor¬ 
rective  action. 
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17.  Check  emitter  of  translator  Q115.  He  output  should  be  aa  shown  in  Fig.  8-16, 
Note  (A).  If  it  is  not,  transistor  Q115  or  resistor  R168  is  faulty. 

18.  Check  emitter  of  transistor  Q116.  Its  output  should  be  as  shown  in  Fig.  8-16, 
Note  (B).  If  it  la  not,  transistor  Q116  or  resistor  R166  is  faulty. 

19.  Check  emitter  of  transistor  Q117.  Its  output  should  be  aa  shown  in  Fig.  8-16, 
Note  (C).  If  it  is  not,  transistor  Q117  or  resistor  R167  is  faulty. 

20.  Check  emitter  of  transistor  Q118.  Its  output  should  be  aa  shown  in  Fig.  8-16, 
Note  (D).  If  it  is  not,  transistor  Q118  or  resistor  R188  is  faulty. 

21.  Check  emitter  of  transistor  Q119.  Its  output  should  be  as  shown  in  Fig,  8-16, 
Note  (E).  If  it  is  not,  transistor  Q119  or  resistor  R169  is  faulty. 

22.  Check  emitter  of  transistor  Q120,  Its  output  should  be  as  shown  in  Fig.  8-16, 
Note  (F).  If  it  is  not,  transistor  Q120  or  resistor  R170  is  faulty. 

23.  Check  emitter  of  transistor  Q121.  Its  output  should  be  as  shown  in  Fig.  8-16, 
Note  (O).  If  it  la  not,  transistor  Q121  or  resistor  R171  is  faulty. 

24.  Check  emitter  of  transistor  Q122.  Its  output  should  be  as  shown  in  Fig.  8-16, 
Note  (H).  If  it  is  not,  transistor  Q122  or  resistor  R172  is  faulty. 

25.  Check  output  at  pin  Z.  It  should  be  as  shown  la  Fig.  S-13.  If  it  is  sot,  diode 
CR1 30  or  CR122  or  resistor  R182  is  faulty. 

26.  Check  output  at  pin  X.  It  should  be  as  shown  In  Fig.  8-16.  If  it  is  not,  diode 
CR131  or  CR123  or  resistor  R183  is  faulty. 

27.  Check  output  at  pin  V.  It  should  be  as  shown  in  Fig.  8-16.  If  It  is  not,  diode 
CR132  or  CR124  or  resistor  R184  is  faulty. 

28.  Check  output  at  pin  T.  It  should  be  as  shown  in  Fig.  8-16.  If  it  is  not,  diode 
CR133  or  CR12S  or  resistor  R18S  is  faulty. 

28.  Check  output  at  pin  R  It  should  be  as  shown  in  Fig.  8-16.  If  it  is  not,  dlods 
CR134  or  CR126  or  resistor  R186  is  faulty. 
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30.  Check  output  at  pin  N.  It  should  be  as  shown  i'i  Fig.  8-16.  If  it  is  not,  diode 
CR135  or  CR127  or  resistor  R187  is  faulty. 

31.  Check  output  at  pin  L.  It  should  be  as  shown  in  Fig.  8-16.  If  it  is  not,  diode 
CR140  or  CR128  c.r  resistor  R188  Is  faulty. 

32.  Check  output  at  pin  7.  It  should  be  as  shown  in  Fig.  8-16.  If  it  is  not,  diode 
CR1S0  or  CR129  or  resistor  R189  is  faulty. 
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8.29  MATRIX 

The  Matrix  contains  eight  AND  gates  for  ANDing  keying  signals.  A  schematic  diagram 
of  the  Matrix  is  In  Fig.  A-46;  a  block  diagram  is  In  Fig.  8-17.  If  there  is  trouble  la 
the  Matrix,  do  the  procedures  In  Paragraph  8. 2  and  proceed  as  follows: 

1.  Check  Input  voltage  across  decoupling  capacitor  Cl.  It  should  be  -20  (+i) 
volts.  If  It  is  not,  check  decoupling  network. 

2.  Check  output  at  pin  k.  It  should  be  as  shown  In  Fig.  8-17.  If  It  Is  not, 
check  Inputs  at  pins  j  and  z,  as  shown  In  Fig.  8-17. 


JL _ 

KEYING  PULSE  OUTPUT 


Fig.  8-17  Matrix  Block  Diagram  (Typical  Element) 
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S»  Cheok  emitter  of  treneistor  Ql.  Its  output  should  be  the  same  as  that  at  pin  J, 
as  tel  gem  in  Fig.  8-1?.  If  it  is  not,  transistor  Ql  or  resistor  R3  is  faulty. 

4.  Che  Oil  emitter  of  transistor  Q2.  Its  output  should  be  the  same  as  that  at  pin  z, 
a§  tewem  in  Fig.  8  -17.  If  it  t  j  not,  transistor  Q2  or  resistor  R5  is  probably 
tel ty.  If  they  are  found  to  be  operating  properly,  diode  CRl  or  CR2  or  resistor 

RStetelty. 

I.  Reps  at  Steps  X  through  4  for  each  gate,  keeping  in  mind  that  the  component 
■ambers  and  pin  tetters  are  different  for  each  gate. 

8.  If  tee  pnaeedteg  steps  do  not  isolate  the  trouble,  checking  wiring  continuity, 

aapMtteve  for  shorts,  solder  points,  end  resistances. 

9.M  DATA  GATC* 


The  Dees  Ctetee  sample  tee  PAM  oompoelte  pulse  train  and  divide  1+  into  eight 
htesrsi  t  nidpf  for  delivery  to  the  display  electronics.  Schematic  diagrams  of  the 
Date  Petes  ate  te  Figs .  A- 17  and  A -47.  A  block  diagram  is  in  Fig.  8-18.  If  there 
la  tmahie  te  tee  Date  Qatea,  do  tee  procedures  <n  Paragraph  8. 2  and  proceed  as 
follows: 

1.  Cheok  input  voltage  across  decoupling  capacitors.  It  should  be  +20  (+1)  volts 
across  capacitor  Cl  and  -20  (+1)  volts  across  capacitor  C2.  Check  intersection 
of  diode  CRl  and  resistor  R17.  It  should  be  -10  (+1)  volts.  If  it  is  not,  check 
decoupling  networks. 

2.  Cheok  input  at  pin  H.  It  should  be  the  composite  PAM  pulse  train  from  the 
Oats  Driver  Amplifier. 

3.  Check  input  at  pin  Z.  It  should  be  as  shown  in  Fig.  8-18.  If  it  Is  not,  refer 
to  Paragraph  8.3  f6r  corrective  action. 

4.  Check  emitter  of  transistor  Q3.  It  should  be  the  same  as  pin  Z,  as  shown  in 
Fig.  8-18.  If  it  is  not,  transistor  Q3  or  resistor  R18  is  faulty. 
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5.  Cheok  Input  at  ptn\X.  It  should  bo  as  shown  in  Fig.  6-18.  If  it  is  not,  refer 
to  Paragraph  8.8  for  corrective  action. 

6.  Check  emitter  of  translator  Q4.  It  should  be  the  same  is  pin  X,  as  shown  in 
Fig.  8-18.  If  it  is  not,  transistor  Q4  or  resistor  R20  iu  faulty. 

7.  Check  input  at  pin  V.  It  should  be  as  shown  in  Fig.  8-18.  If  it  is  not,  refer  to 
Paragraph  8.3  for  corrective  action. 

8.  Check  emitter  of  transistor  Q5.  It  should  be  the  some  as  pin  V,  as  shown  in 
Fig.  8-18.  If  it  is  not,  transistor  Q6  or  resistor  R22  is  faulty. 

B.  Check  input  at  pin  T.  It  should  be  as  shown  in  Fig. .  8-18.  If  It  is  not,  refer 
to  Paragraph  8.3  for  corrective  action. 

10.  Check  emitter  of  transistor  Q6.  It  should  be  the  same  as  pin  T,  as  shown  in 
Fig.  8-18.  If  it  is  not,  transistor  Q6  or  resistor  R24  is  faulty. 

11.  Check  input  at  pin  R.  It  should  fce  as  shown  in  Fig.  8-18.  If  it  is  not,  refer 
to  Paragraph  8.3  for  corrective  action. 

12.  Check  emitter  of  transistor  Q8.  It  should  be  the  same  as  pin  R,  as  shown  in 
Fig.  8  -18.  If  it  is  not,  transistor  Q8  or  resistor  R27  is  faulty. 

13.  Cheok  input  at  pin  N.  It  should  be  as  shown  in  Fig.  8-18.  If  it  is  not,  refer 
to  Paragraph  8.3  for  corrective  action, 

14.  Check  emitter  of  transistor  Q9.  It  should  be  the  same  as  pin  N,  as  shown  in 
Fig.  8-18.  If  it  is  not,  transistor  Q9  or  resistor  R29  is  faulty. 

15.  Check  input  at  pin  L.  It  should  be  as  shown  in  Fig.  8-18.  If  it  is  not,  refer 
to  Paragraph  8.3  for  corrective  action. 

16.  Check  emitter  of  transistor  Q10.  It  should  be  the  same  as  pin  L.  If  it  is  not, 
transistor  Q10  or  resistor  R31  is  faulty. 

17.  Check  input  at  pin  J.  It  should  be  as  shown  in  Fig.  8-18.  If  it  is  not*  refer 
to  Paragraph  8.3  for  corrective  action. 


8-52 


LOCKHEED  AIRCRAFT  CORPORATION 


MISSILES  and  SPACE  DIVISION 


LMSD-288023 


18.  Check  emitter  of  transistor  Qll.  It  should  be  the  t  ame  as  pin  J.  If  It  le  not, 
transistor  Qll  or  resistor  R33  is  faulty. 

19.  Check  emitter  of  transistor  Q2.  Its  output  should  be  the  same  as  the  input 
on  pin  1,  which  is  either  a  0  dc  level  or  a  positive  pulse  from  -15  (±3)  volts  to 
-7  (+2)  volts.  If  it  is  not,  transistor  Q2  or  resistor  R3  is  faulty. 

20.  Check  Intersection  of  diode  CR2  and  resistor  R19.  Its  output  should  be  a 
positive  pulse  from  -15  (+3)  volts  to  -7  (+2)  volts.  If  it  is  not,  diode  CR2  or 
resistor  R19  is  faulty. 

21.  Check  intersection  of  diode  CR3  and  resistor  R21.  Its  output  should  be  a 
positive  pulse  from  -15  (+3)  volts  to  -7  (+2)  volts.  If  it  is  not,  diode  CR3  or 
resistor  R21  is  faulty. 

22.  Check  intersection  of  diode  CR4  and  resistor  R23.  Its  output  should  be  a 
positive  pulse  from  -15  (+2)  volts  to  -7  (+2)  volts.  If  it  is  not,  diode  CR4  or 
resistor  R23  is  faulty. 

23.  Check  intersection  of  diode  CR5  and  resistor  R25.  Its  output  should  be  a 
positive  pulse  from  -15  (+2)  volts  to  -7  (+2)  volts.  If  it  is  not,  diode  CR5  or 
resistor  R25  is  faulty. 

24.  Check  intersection  of  diode  CR6  and  resistor  R26.  Its  output  should  be  a 
positive  pulse  from  -15  (+2)  volts  to  -7  (+2)  volts.  If  it  is  not,  diode  CRB  or 
resistor  R26  is  faulty. 

25.  Check  intersection  of  diode  CR7  and  resistor  R28.  Its  output  should  be  a 
positive  pulse  from  -15  (+2)  volts  to  -7  (+2)  volts.  If  it  is  not,  diode  CR7  or 
resistor  R28  is  faulty. 

26.  Check  intersection  of  diode  CR8  and  resistor  R30.  Its  output  should  be  a 
positive  pulse  of  from  -15  (+2)  volts  to  -7  (+2)  volts.  If  it  is  not,  diode  CR8  or 
resistor  R30  is  faulty. 

27.  Check  intersection  of  diode  CR9  and  resistor  R32.  Its  output  should  be  a 
positive  pulse  of  from  -15  (+2)  volts  to  -7  (+2)  volts.  If  it  is  not,  diode  CR9  or 
resistor  R32  is  faulty. 
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88.  Check  output  at  pin  d.  It  should  be  as  shown  in  Fig.  8- 18.  If  It  is  net,  transistor 
Q1  or  resistor  R16  Is  faulty. 

88.  Cheok  output  at  pin  K.  It  should  be  as  shown  in  Fig.  8-18.  If  it  is  not,  transistor 
Q18  or  resistor  R18  is  faulty 

30.  Cheok  output  at  pin  h.  It  should  be  the  composite  PAM  pulse  train  from  the  Gate 
Driver  Amplifier  whenever  keying  si  nala  on  pins  Z  and  j  coincide;  otherwise,  it 
should  be  0.  If  it  is  not,  check  collector  of  transistor  Q21.  Its  output  should  be  a 
negative-going  signal  between  +10  (±1)  volts  and  -10  (±1)  volts.  If  it  is,  transistor  Q13 
or  Q29  is  faulty.  If  it  is  not,  transistor  Q21  is  faulty. 

31.  Check  output  at  pin  e.  It  should  be  the  composite  PAM  pulse  train  whenever  key¬ 
ing  signals  on  pins  X  and  j  coincide;  otherwise,  it  should  be  0.  If  it  is  not,  check 
collector  of  transistor  Q22.  Its  output  should  be  a  negative-going  signal  between 

+  10  (el)  volts  and  -10  (+1)  volts.  If  it  is,  transistor  Q14  or  Q30  is  faulty.  If  it  is 
not,  transistor  Q22  is  faulty. 

32.  Check  output  at  pin  c.  It  should  ue  the  composite  PAM  pulse  train  whenever  key¬ 
ing  signals  on  pins  V  and  J  coincide;  otherwise,  it  should  be  0.  If  it  is  not,  check 
collector  of  transistor  Q23  Its  output  should  be  a  negative-going  signal  between 

+  10  (±1)  volts  and  -10  (±2)  volts.  If  it  is,  transistor  Q15  or  Q3i  is  faulty.  If  it  ts  not, 
transistor  Q23  is  faulty. 

33.  Cheok  output  at  pin  a-  It  should  be  the  composite  PAM  pulse  train  whenever 
keying  signals  on  pins  T  and  ]  coincide;  otherwise,  it  should  be  0.  If  it  is  not,  cheok 
collector  of  transistor  Q24.  Its  output  should  be  a  negative -going  signal  between 

+  10  (±1)  volts  and  -10  (±1)  volts.  If  it  is,  transistor  Q16  or  Q32  is  faulty.  If  it  is  not, 
transistor  Q24  is  faulty. 

34.  Check  output  at  pin  Y.  It  should  be  the  composite  PAM  pulse  train  whenever 
keying  si^ials  on  pins  R  and  M  coincide;  other  wise  it  should  be  0.  If  it  is  not,  check 
collector  of  transistor  Q25.  Its  output  should  be  a  negative -going  signal  between 

+  10  (±1)  volts  and  -10  (±1)  volts.  If  it  is,  transistor  Q17  or  Q33  is  faulty.  If  it  is  not, 
transistor  Q25  is  faulty. 
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35.  Check  output  at  pin  W.  It  ehould  be  the  composite  PAM  pulse  train  whenever 
keying  signals  on  pins  N  and  M  coincide;  otherwise,  it  should  be  0.  If  it  is  not. 
check  collector  of  transistor  Q26.  Its  output  should  be  a  negative-going  signal 

be  twee;  +10  (+1)  volts  and  -10  (+1)  volts.  If  it  is,  transistor  Q18  or  Q34  is  faulty. 

If  it  is  not,  transistor  Q26  is  faulty. 

36.  Check  output  at  pin  U.  It  should  be  the  composite  PAM  pulse  train  whenever 
keying  signals  on  pins  L  and  M  coincide;  otherwise,  it  should  be  0.  If  it  is  not, 
check  collector  of  transistor  Q27.  Its  output  should  be  a  negative -going  signal  be¬ 
tween  +10  (+1)  volte  and  -10  (+1)  volts.  If  it  is,  transistor  Q19  or  Q35  is  faulty. 

If  it  is  not,  transistor  Q27  is  faulty. 

37.  Check  output  at  pin  S.  It  should  be  the  composite  PAM  pulse  train  whenever 
keying  signals  on  pins  J  and  M  coincide;  otherwise,  it  should  be  0.  If  it  is  not, 
check  collector  of  transistor  Q28.  Its  output  should  be  a  negative -going  signal  be¬ 
tween  +10  ( +1)  volts  and  -10  (+1)  volts.  If  It  is,  transistor  Q20  or  Q36  is  faulty. 

If  it  is  not,  transistor  Q28  is  faulty. 

8.25  PULSE  SET 

The  PulBe  Set  board  generates  trigger  pulses  for  the  different  pulse  sequencers.  A 
schematic  diagram  of  the  Pulse  Set  board  is  in  Fig.  A-48;  a  block  diagram  is  in 

N. 

Fig.  8-19.  If  there  is  trouble  in  the  Pulse  Set  board,  do  the  procedures  in  Paragraph 
8. 2  and  proceed  as  follows: 

1.  Make  sure  that  variable  components  are  adjusted  in  accordance  with  procedures 
in  Volume  I,  Section  4. 

2.  Check  input  voltage  across  decoupling  capaoltors.  It  should  be  -20  (+1)  volts 
across  capacitor  C12  and  +20  (+1)  volts  across  capacitor  CIS.  If  it  is  not,  check 
decoupling  networks.  Check  for  presence  of  -10  (+1)  volts  at  the  cathode  of  diode 
CRT.  If  it  is  not,  diode  CR7  or  resistor  R25  is  faulty.  Check  for  presence  of  -10 
(+1)  volts  at  cathode  of  diode  CR14.  If  it  is  not,  diode  CR7  or  resistor  R33  is 
faulty. 
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3.  Check  Input  at  pin  M.  It  should  be  as  shown  in  Fig.  8-18.  If  it  ia  not,  refer 
to  Paragraph  8. 2  for  corrective  notion. 

4.  Check  emitter  of  transistor  Ql.  Its  output  should  be  the  same  as  that  of  pin  M, 
as  shown  in  Fig.  8-18.  If  it  is  not,  transistor  Ql  or  resistor  R5  is  faulty. 

5.  Check  collector  of  transistor  Q2.  It  should  be  a  square  wave  of  +18  (+1)  volts 
amplitude.  If  it  is  not,  transistor  Q2,  resistors  R1  or  R2,  diode  CR1,  or 
capacitor  Cl  is  faulty. 

6.  Check  emitter  of  transistor  Q3.  Its  output  should  be  a  square  wave  of  18  (+1) 
volts  amplitude.  If  it  is  not,  transistor  Q3  or  resistor  R6  is  faulty. 

7.  Check  cathode  of  diode  CR2.  Its  output  should  be  positive  s  <es  of  approxi¬ 
mately  10  volts  amp’  Itude.  If  it  is  not,  diode  CR2,  capacitor  C2  or  C3,  or  re¬ 
sistor  R7  is  faulty. 

8.  Check  collector  of  transistor  Q5.  Its  output  should  be  a  negative  pulae  from 
+17  (+3)  volts  falling  off  exponentially  to  +3  (+2)  volts  and  rising  to  +17  (+3)  volts 
in  less  than  2  microseconds.  If  it  is  not,  the  one-shot  is  faulty.  Refer  to 
Paragraph  8.4.2  for  corrective  action. 

9.  Check  emitter  of  transistor  06.  Its  output  should  be  a  positive  spike  of 
approximately  10  volts  amplitude.  If  it  is  not,  transistor  Q6,  resistor  R13  or  R14, 
or  capacitor  C6  is  faulty. 

10.  Check  output  at  pin  b.  It  should  be  as  shown  In  Fig.  8-19.  If  it  is  not,  the 
blocking  osolUator  is  faulty.  Refer  to  Paragraph  8.4.1  for  corrective  action. 

11.  Check  input  at  pin  K.  It  should  be  as  shown  in  Fig.  8-19.  If  it  is  not,  refer 
to  Paragraph  8.3  for  corrective  aotion. 

12.  Check  emitter  of  transistor  Q9.  Its  output  should  be  the  same  as  that  for 

pin  K,  as  shown  in  Fig.  8-19.  If  it  is  not,  transistor  Q9  or  resistor  R23  is  faulty. 

13.  Check  output  at  pin  d.  It  should  be  as  shown  in  Fig.  8-19,  If  it  is  not,  the 
blocking  oscillator  is  faulty.  Refer  to  Paragraph  8.4. 1  for  corrective  action. 
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14.  Chaek  input  at  pin  R.  It  should  ba  as  shown  in  Fig.  8-19.  If  it  Is  not,  refer 
to  Paragraph  1.3  for  corrective  aotlon. 

18.  Chock  emitter  of  transistor  Q12.  Its  output  should  be  the  same  as  that  for 
pin  R.  If  it  is  not,  transistor  Q12  or  resistor  R32  Is  faulty. 

16.  Check  ou'  *it  at  pin  h.  It  should  be  as  shown  in  Fig.  8-19.  If  it  is  not,  refer 
to  Paragraph  8.3  for  corrective  action. 


8. 26  DOTY  CYCLE  II 

The  Duty  Cycle  n  board  shapes  the  keying  pulses  that  are  delivered  to  the  Sample  and 
Hold  board.  A  schematic  diagram  of  the  Duty  Cycle  II  board  Is  in  Fig.  A-49;  a  block 
diagram  Is  In  Fig.  8-20.  If  there  Is  trouble  In  the  Duty  Cycle  II  board,  do  the  pro¬ 
cedures  In  Paragraph  8.2  and  prooeed  as  follows: 


Fig.  8-20  Duty  Cycle  II  Block  Diagram 
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1.  Make  sure  that  variable  components  are  adjusted  In  aooordanoe  with  Volume  I, 
Section  4. 

2.  Check  the  following  do  voltages  where  Indicated:  -20  (+1)  volts  across 
capacitor  C2,  +20  (+1)  volts  across  CIO.  -10  (+1)  volts  at  cathode  of  CR6.  If  they 
are  lnoorrect,  check  associated  decoupling  networks  and  oonr.pooents. 

3.  Check  Input  at  pin  b.  It  should  be  as  shown  in  Fig.  8-20.  If  it  is  not.  refer  to 
Paragraph  8.3  for  corrective  action. 

4.  Check  collector  of  transistor  Q2.  Its  output  should  be  the  one-shot  output,  as 
shown  In  Fig.  8-20.  If  It  Is  not,  one-shot  no.  1  is  faulty.  Refer  to  Paragraph 
8.4. 2  for  corrective  action. 

5.  Check  emitter  of  transistor  Q3.  Its  output  should  be  a  positive  pulse  rising 
from  approximately  10  volts  to  -19  (+1)  volts  with  a  sharp  rise  time  and  decaying 
exponentially  to  -19  (+1)  volts.  If  it  is  not,  transistor  Q3,  resistor  Rll  or  R12,  or 
capacitor  C6  is  faulty. 

6.  Check  emitter  of  transistor  Q4.  Its  output  should  be  the  same  as  that  of  tran¬ 
sistor  Q3  given  in  Step  5.  If  it  is  not,  transistor  Q4  or  resistor  R13  is  faulty. 

7.  Check  collector  of  transistor  Q6.  Its  output  should  be  the  output  shown  for 
one-shot  no.  2  in  Fig.  8-20.  If  it  is  not,  the  one-shot  is  faulty.  Refer  to 
Paragraph  8.4. 2  for  corrective  action. 

8.  Check  emitter  of  transistor  Q7.  Its  output  should  be  the  same  as  that  of  tran¬ 
sistor  Q3  given  in  Step  5.  If  it  is  not,  transistor  Q7,  resistor  R22  or  K23,  or 
capacitor  CIO  is  faulty. 

9.  Check  collector  of  transistor  Q6.  Its  output  should  be  the  same  as  the  output 
at  pin  e,  as  shown  in  Fig.  8-  20.  Check  collector  of  transistor  Q9.  Its  output 
should  be  the  complement  of  the  output  at  pin  e .  If  the  correct  outputs  at  these 
two  points  are  not  present,  the  flip-flop  Is  faulty.  Refer  to  Paragraph  8.4.3  for 
corrective  action. 
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10.  Check  output  at  pin  c.  it  should  be  na  shown  In  Fin.  S-20. 


*ttui ty  . 


if  it  is  not.  tran- 


u.  b?  DATA  SVNij  DELA\  hluOaD 


Data  Sync  Delay  Record  generates,  from  clock  pulses  received  from  the  Data  Sync 
Separator,  the  Datrac-  enrntnand  pulse  that  is  in  phase  with  the  composite  PAM  pulse 
train.  Schematic  diagrams  of  the  Data  Sync  Delay  Record  board  are  in  Figs.  A-18 
and  A-51.  A  block  diagram  is  in  Fig.  8-21.  If  there  Is  trouble  in  the  Data  Sync  Delay 
Record  board,  do  the  procedures  in  Paragraph  8.2  and  proceed  ar  follows; 


“V 


it  it  It 
_ A _ i\ _ ;i_ 

-  - 

ONE-SHOT 

blocking 

CLOCK  PULSES  FROM 

DATA  SYNC  SEPARATOR 

OSCILLATOR 

h  h  h 

L_J1 _ 

-  .  J 

PULSES  TO  DATRAC 


Fig.  8-21  Data  Sync  Delay  Record  Block  Diagram 


1.  Make  sure  that  variable  components  are  adjusted  In  accordance  with  procedures 
In  Volume  I,  Section  4. 

2.  Check  Input  voltage  across  decoupling  capacitors.  It  should  be  +20  (+1)  volts 
across  capacitor  Cl  and  -20  (+1)  volts  across  capacitor  C3.  If  It  is  not,  check 
decoupling  networks. 
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3.  Check  input  at  pin  a.  It  should  be  as  shown  ir.  Fig.  8-21.  ii  it  iB  not.  refer  to 
Paragraph  8,3  for  corrective  action. 

4.  Check  emitter  of  transistor  Ql.  Its  output  should  be  the  same  as  the  input  at 
pin  a.  If  it  is  not.  transistor  Ql  or  resistor  R2  or  R3  is  faulty, 

5.  Check  collector  of  transistor  Q3.  It  should  be  the  one-shot  output  shown  on 
Fig.  8-21,  If  it  is  not,  refer  to  Paragraph  a.  4.  2  tor  corrective  action  . 

6.  Check  output  at  pin  N.  It  should  be  as  shown  in  Fig.  8-21.  If  it  Is  not,  the 
blocking  oscillator  is  faulty.  Refer  to  Paragraph  8.4. 1  for  corrective  action. 


8.  28  FILi’iiK  BOARD 

The  Filter  Board  (Interpolation  filter)  separates  modulation  frequencies  and  blocks 
keying  components  from  the  PAM  pulses  from  the  Data  Gates,  The  resulting  output 
is  smoothed  data  that  corresponds  to  pulse  modulation.  A  schematic  diagram  *.f  the 
Filter  Board  is  in  Fig.  A- 19.  if  trouble  is  suspected,  i.e, ,  if  there  is  a  modulated 
pulse  train  on  the  Filter  Board  input  and  no  smoothed  data  output,  make  continuity 
checks  on  the  filter  with  the  board  removed  from  the  station. 

1.  With  an  ohmmeter,  check  the  continuity  between  pins  N  and  H.  It  should  be 

10  K  (+10%).  If  it  is  not,  check  continuity  from  "OUT"  to  "IN"  on  filter.  It  should 
be  less  than  200  ohms.  If  it  is  not,  replace  filter.  If  it  is,  resistor  R21  or  the 
wiring  is  faulty. 

2.  With  an  ohmmeter,  check  the  continuity  between  pin  N  and  "GRD. It  should 
be  greater  than  9  K.  If  it  is  not,  the  filter  Is  shorted  and  must  be  replaced. 

3.  Check  the  second  filter  by  repeating  Steps  1  and  2. 

8.  29  SAMPLE  AND  HOLD 

The  Sample  and  Hold  circuit  samples  the  value  of  the  demultiplexed  signnl  (upon  the 
arrival  of  a  keying  pulse  from  the  Matrix)  and  holds  this  value  until  the  next 
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demultiplexed  pulse  is  sampled,  at  which  time  this  next  value  la  held,  A  schematic 
diagram  of  the  Sample  and  Hold  board  is  in  Fig.  A-i>3;  a  block  diagram  Is  In 
Fig,  3-22.  If  there  is  trouble  in  the  Sample  and  Hold  board,  do  the  procedures  In 
Paragraph  « ;  2  and  proceed  as  follows: 

1.  Chock  supply  voltages.  They  should  be  +20  (+1)  volts  at  pin  a,  +10  (+i)  volts 
at  pin  C,  and  -10  (+1)  volts  at  pin  E, 

2.  Check  input  at  pin  k.  It  should  be  as  shown  in  Fig.  8-22.  If  it  Is  not,  refer 
to  Paragraph  8,3  for  corrective  action. 

3.  Check  collector  of  transistor  Q3.  Its  output  should  be  -10  (+2)  volts  with  the 
baseline  at  +3  (+2)  volts.  If  it  Is  not,  transistor  Q3,  Q4,  or  QS  or  resistor  R2, 
R4.  RC,  R7,  or  R9  is  faulty. 

4.  Check  collector  of  transistor  Q4,  Its  output  should  be  as  shown  in  Fig.  8-22. 

If  It  is  not,  transistor  Q4  or  res  Is  tor  HI,  RG,  no,  or  ii9  is  faulty, 

5.  Check  collector  of  transistor  Q6.  Its  output  should  be  as  shown  in  Fig.  8-22. 

If  it  is  not,  transistor  Q5  or  Q6  or  resistor  R3,  R7.  R8.  RIO.  or  Ril  is  faulty. 

0.  Check  base  of  transistor  QS,  its  output  should  be  the  sampled  and  held  signal 
applied  to  pin  h.  If  it  la  not,  transistor  Ql,  Q2,  Q7,  or  Q8,  or  associated  com¬ 
ponents  are  faulty. 

7 .  Check  output  at  pin  T,  It  should  be  the  same  as  the  output  at  the  base  of  tran¬ 
sistor  Q9,  In  Step  8.  If  it  is  not,  transistor  Q9,  Q10,  or  Qll  or  resistor  RI4  or 
R45  is  faulty. 

8.  Repeat  the  same  procedures  for  the  remaining  two  similar  circuits,  keeping  in 
mind  that  the  component  numbers  and  pin  letters  are  the  only  differences. 

8.30  DC  REFERENCE  FILTER 

The  DC  Reference  Filter  Inserts  the  correct  DC  reference  level  into  the  composite 
PAM  puiae  train  for  the  display  electronics.  A  schematic  diagram  of  the  DC 
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Reference  Filter  1*  in  Fig.  A-52;  a  blook  diagram  la  in  Fig.  8-23,  if  there  la  trouble 
in  the  DC  Reference  Filter,  do  the  procedures  in  Paragraph  8. 2  and  proceed  ae  follows: 

1.  Make  sure  that  variable  components  are  adjusted  properly  in  acoordanoe  with 
Volume  I.  Section  4. 

2.  Check  supply  voltages.  There  should  be  4 10  (+2)  volts  at  the  anode  of  dtotto 
CR1.  If  there  la  not.  diode  CR1  or  resistor  Ri  may  be  faulty.  There  should  be 
-1C  (+2)  volts  at  the  collector  of  diode  CR2,  If  there  is  not.  diode  CR2  or  reeistor 
R2  may  be  faulty. 

3.  Check  input  at  pin  d,  ft  should,  be  as  shown  in  rig.  3-23.  If  it  ia  not,  refer  to 
Paragraph  8.3  for  corrective  action. 

4.  Check  intersection  of  diodes  CR3  and  CR4  and  resistor  R3.  It  should  be  the 
same  as  pin  d,  as  shown  in  Fig.  8-24.  If  it  is  not,  diode  CR3  or  CR4  or  reeistor 
K3  is  faulty. 

5.  Check  collector  of  translator  Q3.  Its  output  should  be  a  negative  pulse  of 

-10  (+2)  volte  with  baseline  at  +3  (+2)  voite.  If  it  is  not,  transistor  Q3,  Q4.  or  QB 
or  resistor  R4,  R7,  R9,  or  RIO  is  faulty. 

6.  Check  collector  of  transistor  Q4.  Its  output  should  be  as  shown  in  Fig.  9-23. 

It  it  is  not,  transistor  Q4  or  resistor  R5,  R8,  R9,  or  R12  is  faulty. 

7.  Check  collector  of  transistor  Q8.  its  output  should  be  ss  shown  in  Fig,  9-33, 

If  it  is  not,  transistor  Q5  or  Q6  or  resistor  R6,  Rll,  or  RH  is  faulty. 

8.  Check  base  of  translator  Q0.  Its  output  should  be  the  sampled  and  held  signal 
derived  from  the  demultiplexed  signal  applied  at  pin  H.  If  it  is  not,  transistor  Ql, 
Q2,  Q7.  or  Q8  or  their  associated  components  are  faulty. 

9.  Check  emitter  of  translator  QU,  It  should  be  the  same  as  the  output  of  the 
base  of  transistor  Q9,  as  givenr  in  Step  8.  If  it  ia  not,  transistor  Q9,  Q10,  or  QU 
or  resistor  R17,  R22,  or  R23  is  faulty. 
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10.  If  the  trouble  hee  not  boon  found,  oheok  (titer  ee  follow*: 

e.  With  board  removed  from  etetton,  check  continuity  from  "IN"  to  "OUT.  " 
It  should  be  less  than  200  ohms,  ii  it  is  not,  replace  flits;  . 
b.  Check  continuity  between  "OUT"  end  "OWD. "  It  should  be  lees  then  10  K. 
If  it  is  not.  the  filter  is  shorted  and  should  be  replaced. 
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8.31  FRAME  SYNC  STORAGE  RECORD 

The  Pram#  8yno  Storage  Record  board  transforms  th«  frame  sync  pula*  train  into  the 
proper  levs!  for  digital  recording  by  the  Digital  Record  Amplifier  A  schematic 
diagram  of  the  Frame  dyne  Storage  Record  board  is  in  Fig.  A  -25;  a  block  diagram  la 
ir.  Fig.  8-2-*.  if  there  is  trouble  in  the  Frame  Sync  Storage  Record  Board,  do  the 
prncerture.1  in  Paragraph  8.2  and  proceed  as  follows: 

1.  Check  supply  voltage  across  decoupling  capacitors.  &  should  be  19  (*i»  volte 
serose  capacitor  Cl  and  -19  (*1>  across  C3.  Cheok  supply  voltes*  ac-rtss  diode  CRS. 
ft  should  be  2  (*i)  voit*.  if  the  voltages  are  not  correct,  check  decoupling  networks. 

2.  Cheok  input  st  pin  Z.  It  should  be  as  shown  in  Fig.  8-24.  The  amplitude  should 
be  +15  (el)  volts  with  the  bees  !s*el  at  0  <*ij  voit.  If  it  is  not,  refer  to  Para¬ 
graph  8. 3  for  corrective  action. 

3.  Cheok  collector  of  transistor  Ql.  Its  output  should  be  as  shown  in  Fig.  5-24 
If  it  is  not.  transistor  41,  resistor  R3  or  R2,  or  capacitor  C2  la  faulty, 

4.  Check  Input  at  pin  T.  &  should  be  s  nr.«it! vs-geing  pulse  train,  as  shown  In 
Fig.  8-24,  at  the  clock  frequency  with  an  amplitude  of  +14  (±1)  volts  and  the  base¬ 
line  at  0  (el)  volts. 

o.  Check  Intersection  of  capacitor  C9  and  resistor  R17.  The  signal  should  ho  as 
shown  in  Fig.  8-24.  If  it  is  not  correct,  proceed  as  follows: 

a.  Cheok  emitter  of  transistor  Q2.  Ba  output  should  be  as  shown  in  Fig.  8-24 
for  pin  T  .  If  it  is  not,  transistor  Q2  is  faulty. 

6.  Check  output  at  pin  K.  ft  ehotild  be  an  asy metric  square  wave  with  levels  of 
-5  (±1)  and  -18  (±3)  volts.  The  negative  swing  should  be  in  time  phase  with  the 
leading  edge  of  the  pulses  at  the  junction  of  capacitor  C9  and  rs stator  RI7,  as 
shown  is  Fig.  8-24.  The  positive  swing  should  be  in  time  with  the  lending  edge  of 
the  pulses  at  the  junction  of  oapacitor  C9  and  resistor  R17,  as  shown  in  Fig.  8-24. 
The  positive  swing  should  be  In  time  with  the  leading  edges  of  the  pulses  at  pin  Z. 
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Klf .  8-24  Frame  Sync  Storage  Record  Block  DUfram 
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it  the  signal  la  not  correct,  check  collector  of  transistor  Q4.  Its  output  should  be 
identical  to  the  signal  at  pin  K.  If  It  Is  net.  refer  to  Paragraph  «•  4.  3  lor  cor  - 
rective  action.  If  the  signal  is  at  the  collector  of  transistor  Q4.  the  trouble  is 
in  transistor  Q5  or  resistor  Hi  8. 

8.32  PULSE  AMPLIFIES 

The  Pulse  Amplifier  produces  s  14-vcit  positive  pulse  starting  at  0  volts  dc  for  each 
positive  pulse  that  enters  it  at  greater  than  9  '.■cits,  A  schematic  diagram  of  the  Pulse 
Amplifier  is  in  Fig.  A -26:  a  block  diagram  is  in  Fig.  S~25,  B  there  is  trouble  in  the 
Pulse  Amplifier,  do  the  procedures  In  Paragraph  8. 2  and  proceed  as  follows: 


0  -  TRANSISTOR  8  -  BASE 
E  -  EMITTER  C  -  COLLECTOR 


Fig.  8-2S  Pulse  Amplifier  Block  Diagram 
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1 .  Chaok  supply  voltage  across  decoupling  capacitor  C5.  It  should  be  -19  (±1) 
volts.  Check  voltage  across  diode  CHS.  It  should  be  -13  (±2)  volts.  If  the  volt¬ 
ages  are  not  correct,  oheok  decoupling  network  or  associated  Zener  diodes. 

2.  Check  input  at  pin  M.  It  should  be  a  positive -going  pulse  at  greater  than  30 
volts  amplitude  with  the  baseline  at  0  (±l)  volt.  If  it  is  not,  refer  to  Paragraph  8.3 
for  corrective  action. 

3.  Check  base  of  transistor  Ql.  Its  signal  should  be  a  reproduction  of  the  Input  at 
pin  M  with  the  baseline  at  ^18  (±1  )  volts  and  the  positive  peaks  clipped  at  -12  (±1) 
volts.  If  ills  not,  resistor  Rl,  R2,  R3,  R12,  R14.  capacitor  Cl,  diode  CR5,  or 
transistor  Ql  is  faulty. 

4.  Check  collector  of  transistor  Ql.  Its  output  should  be  as  shown  in  Fig.  8-25. 

If  it  is  not,  transistor  Ql,  capacitor  C2,  or  resistor  R4  la  faulty, 

5.  Check  output  of  blocking  oscillator  at  pin  T.  It  should  be  a  positive  pulse  start¬ 
ing  at  ground  and  rising  to  14  (±1)  volts,  as  shown  in  Fig.  8-25.  If  it  Is  not,  the 
blocking  oscillator  is  faulty.  Refer  to  Paragraph  8.4.1  for  corrective  action. 

8.33  DIGITAL  RECORD  AMPLIFIER 

The  Digital  Record  Amplifier  receives  the  two-level  digital  output  of  the  Datrac  and 
transforms  it  into  a  suitable  waveform  for  NRZ  recording  on  the  Magnetic  Tape  Re¬ 
corder.  A  schematic  diagram  of  the  Digital  Record  Amplifier  is  in  Fig.  A- 27;  a  block 
diagram  is  In  Fig.  8-26.  If  there  is  trouble  in  the  Digital  Record  Amplifier,  do  the 
procedures  in  Paragraph  8.  2  and  proceed  as  follows: 

1 .  Check  supply  voltages  across  decoupling  capacitors.  It  should  be  -19  (±l)  volts 
across  capacitor  C4;  +19  (±i)  volts  across  capacitor  Cl  and  capacitor  CIO:  +7  (±2) 
volts  across  capacitor  C5,  and  +10  (±4)  volts  across  capacitor  C9.  Check  supply 
voltage  across  ulods  CR1.  it  should  be  -11  (±2)  volts.  If  the  voltages  are  not  cor¬ 
rect,  check  decoupling  networks  and  associated  Zener  diodes. 


LOCKHEED  AIRCRAFT  CORPORATION 


MISSILES  ond  SPACE  DIVISION 


LMSD-288025 


LMSD-28802S 


2.  Check  input  at  pin  K.  It  ahouid  be  the  two-level  digital  output  of  the  Datrac,  as 
shown  in  Fig.  8-26,  of  either  -19  (±1)  volts  or  -4  (±1)  volte.  If  it  is  not,  refer  to 
Paragraph  8.3  for  corrective  action. 

3.  Check  emitter  of  transistor  Ql.  The  signal  should  be  identical  to  the  Input  at 
pin  K.  If  it  is  not,  transistor  Qi  or  resistor  Rll  or  R15  is  faulty. 

4.  Check  collector  of  transistor  Q2.  Its  output  should  be  an  Inverted  version  of 
the  input  signal  with  the  levels  at  +18  (*i)  and  -11  (+2)  volts.  If  it  is  not,  transistor 
Q2,  or  resistor  R7,  RIO,  or  R12  is  faulty. 

6.  Check  emitter  of  transistor  Q3.  Its  output  should  be  an  inverted  version  of  the 
Input  signal  with  levels  at  +19  (±1)  and  0  (±1)  volts.  7f  it  is  not,  transistor  Q3  or 
Q4  or  resistor  R8  Is  faulty. 

6.  Check  emitters  of  transistors  Q4  and  Q9,  The  signal  at  each  point  should  be  the 
same  as  that  at  the  emitter  of  transistor  Q3.  If  it  is  not,  transistor  Q4  or  Q9,  di¬ 
ode  CR3,  or  resistor  R13  or  R24  is  faulty. 

7.  Check  input  at  pin  T.  It  should  be  a  positive  blocking  collator  pulse  of  14  volts 
amplitude  with  the  baseline  at  ground.  If  it  is  not,  refer  to  Paragraph  8. 3  for  cor¬ 
rective  action. 

8.  Check  collector  of  transistor  Q7 .  The  signal  should  be  a  two-level  asymetric 
square  wave  which  changes  levels  between  +5  (±1)  and  +17  (+1)  vol.s.  The  changes 
should  occur  in  time  phase  with  the  leading  edge  of  the  pulses  at  pin  T  and  should 
take  place  only  when  the  input  at  pin  K  is  at  -19  (±10)  volts.  If  this  signal  is  not 
correct,  the  flip-flop  is  faulty.  Refer  to  Paragraph  8.4.3  for  corrective  action. 

9.  Check  emitters  of  tra  isolators  Q5  and  Q8.  The  signal  at  each  point  should  be 
the  same  as  that  at  the  collectors  of  transistors  Q6  and  Q7,  as  shown  in  Fig,  8-26. 
If  It  is  not,  transistor  Q5  or  QS,  capacitor  C6  or  C8,  or  resistor  R21  or  R22  is 

utility . 
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NOTE:  If  the  Digital  Record  Amplifier  ie  being  checked  in  the  system 
and  is  driving  the  head  of  the  Magnetic  Tape  Recorder,  check 
output  at  pin  c.  The  signal  should  be  Identical  to  that  seen  at 
the  einlt+n  vi  transistor  Qll>  except  that  the  signal  will  rise 
and  fall  exponentially. 

If  the  Digital  Record  Amplifier  is  not  driving  the  recording  head, 
then  pins  a  and  c  should  be  shorted  together  and  the  signals  at 
the  emitters  of  transistors  Q10  and  Qll  rechecked.  The  signals 
at  these  two  points  should  be  as  described  in  Step  11 . 

10.  Check  collectors  of  transistors  Q14  and  Q15.  The  signal  at  each  point  should 
be  an  asymatrie  square  wave  with  levels  cf  +19  (±1)  and  0  (±1)  volt*,  if  it  is  not, 
transistor  Q14  or  Q15  or  resistor  R2S,  R26,  R27,  or  R28  Is  faulty. 

11 .  Check  emitters  of  transistors  Q10  and  Qll .  The  signal  at  each  point  should 
be  an  asymetric  square  wave  with  rise  and  fall  times  of  5  (±2)  microseconds  with 
levels  of  id  (±2)  and  0  (+1)  volts.  If  it  is  not,  transistor  Q10,  Qll,  Q12,  or  Q13  or 
resistor  R31  Is  faulty. 

8.34  DIGITAL  REPRODUCE  AMP  LI  J IER 

The  Digital  Reproduce  Amplifier  accepts  the  digital  signals  from  the  reproduce  heads 
of  Magnetic  Tape  Recorder  and  produces  one  negative  pulse  for  each  digital  "one" 

.  -  rded  on  the  Magnetic  Tape  Recorder.  A  schematic  diagram  of  the  Digital  Rcpro- 
«uce  Amplifier  is  in  Fig.  A-28;  a  block  diagram  is  in  Fig.  8-27.  If  there  Is  trouble  in 
the  Digital  Reproduce  Amplifier,  do  the  procedures  in  Paragraph  8. 2  and  proceed  as 
follows: 


NOTE:  In  making  these  checks,  the  tape  speed  should  be  100  ips. 
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1 .  Check  supply  voltages  across  decoupling  capacitors.  It  should  be  -19  (±1)  volts 
across  capacitors  C9,  CIO,  and  CIS.  It  should  be  +19  (*i)  volts  aoross  capacitor 
CIS  and  f-13  (±2)  volts  across  capacitor  C17.  If  the  voltages  are  not  correct,  check 
decoupling  network#. 

2.  Disconnect  input  cable  from  Magnetic  Tape  Recorder.  Check  output  of  repro¬ 
duce  head  by  looking  at  signal  across  the  two  output  plna  of  the  head.  This  signal 
should  bo  as  shown  for  the  data  from  the  Magnetlo  Tape  Recorder  reproduce  head 
in  Fig.  8-27.  it  should  be  13  (±fih  millivolts  peak -to -peak  amplitude.  When  check 
la  completed,  reconnect  input  cable  to  Digital  Reproduce  Amplifier. 

3.  Check  emitter  of  transistor  Q5.  Its  output  should  be  as  shown  in  Fig.  8-27  with 
an  amplitude  of  10  (±  3)  volts  peak -to -peak.  If  this  signal  is  not  correct,  proceed  as 
follows: 

a.  Check  collector  of  translator  Q1 .  Its  output  should  be  the  same  as  that  for 
the  amplifier  output  except  that  the  amplitude  should  be  reduced.  If  not.  tran¬ 
sistor  Q1  or  its  associated  components  are  faulty. 

b.  Check  collector  of  transistor  Q2.  Its  output  should  be  the  same  as  that  de¬ 
scribed  for  the  amplifier  except  that  lta  amplitude  will  be  greater  than  that  at 
the  collector  of  transistor  Q1 .  If  the  signal  is  sot  correat,  transistor  Q2  or  its 
associated  components  are  faulty. 

c.  Check  collector  of  transistor  Q3.  its  output  should  be  the  same  as  that  de¬ 
scribed  for  the  amplifier  output  except  that  the  amplitude  should  be  3  (±1)  volts 
peak-to-peak.  If  it  is  not,  transistor  Q3  or  its  associated  components  are 
faulty . 

d.  Check  collector  of  translator  Q4.  Its  output  should  be  the  same  aa  that  de¬ 
scribed  for  the  amplifier  output.  If  H  is  net,  transistor  Q4  or  its  associated 
components  are  faulty. 

4.  Check  output  of  full-wave  rectifier  at  intersection  of  diodes  CR2  and  CR3.  It 
should  be  as  shown  in  Fig.  8-27.  if  the  signal  is  oot  correct,  proceed  as  follows: 

a.  Check  emitter  of  translator  Q!0.  Its  ctspui  should  be  the  same  as  that  of 
tha  emitter  of  translator  QQ.  If  it  is  not,  transistor  Q10  or  its  associated  com¬ 
ponents  are  faulty. 
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b.  Check  emitter  of  translator  QB.  Its  output  should  be  an  inverted  version  of 
the  at  the  smitten  of  transistor  tj5.  If  it  is  not.  translator  Q8  or  if-;  as¬ 

sociated  ivmpopenta  are  faulty . 

o.  Check  baa.'  of  transistor  Q9.  Its  output  should  be  the  same  as  that  described 
for  the  emitter  of  transistor  Q5.  if  it  is  not.  transistor  Q10,  capacitor  C20.  or 
resistor  R36  or  H43  ««  faulty. 

u.  If  trouble  is  still  present,  diode  CR2  or  CR3  or  their  associated  components 
are  faulty. 

6.  Check  output  of  inverting  pulse  amplifier  at  pin  a.  It  should  be  as  shown  In 
Fig.  fe-27,  a  negative  pulse  of  13  (±1)  volts  amplitude  with  baseline  at  -*-13  volts. 
There  should  be  one  pulse  output  for  each  pulse  at  the  output  of  the  full-wave  recti¬ 
fier .  If  the  signal  is  not  correct,  proceed  as  follows: 

a.  Check  emitter  of  transistor  Q7.  Its  output  should  be  the  same  as  the  output 
of  the  ftill -wave  rectifier,  except  that  the  baseline  should  be  at  +0.5  volt.  If  it 
la  not,  transistor  Q7  or  resistor  B32  or  R34  la  faulty. 

b.  Check  collector  of  transistor  Q8.  is  output  should  be  the  same  kb  that  de  ¬ 
scribed  for  pin  a.  If  it  is  not,  translator  Q6  or  Q8  or  resistor  R33  is  faulty. 

c.  If  the  trouble  still  exists,  transistor  06  or  resistor  R28,  R29,  or  R5G  is 
faulty. 

8. 35  DATA  8TORAQE  AND  GATT5 

The  Data  Storage  and  Gate  board  is  used  as  a  buffer  to  store  signals  from  the  Digital 
Record  Amplifiers.  There  are  two  Identical  circuits  on  each  of  the  five  boards  in  the 
Ground  Station.  Maintenance  procedures  for  one  circuit  arc  given  here.  A  schematic 
diagram  of  the  Data  Storage  and  Gate  board  is  in  Fig.  A-2S;  a  block  diagram  is  in 
Fig.  9=28.  If  there  is  trouble  in  the  Data  Storage  and  Cate  board,  do  the  procedures 
in  Paragraph  8. 2  and  proceed  as  follows: 

1.  Check  supply  voltages  across  decoupling  capacitors.  It  should  be  +19  (±1) 
volts  across  capacitor  Cl;  -IS  (±1)  volts  across  capacitor  C2;  +14  (±2) volte  across 
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Fig.  8-28  Data  Storage  and  Gate  Block  Diagram 

8-77 


LOCKHEED  AIRCRAFT  CORPORATION 


MISSILES  and  SPACE  DIVISION 


LM8D-2R8025 


capacitor  C24;  -9  (±2)  volt*  across  capacitor  C?5;  and  -15  ,'i2)  volts  aci-oam  capaci¬ 
tor  C26,  Check  voltage  across  diode  CR13.  It  should  be  -*-9  (±2)  volts.  If  the  sup¬ 
ply  voltages  are  not  correct,  check  decoupling  networks  and  associated  Zener  diodes. 

2.  Check  input  at  pin  a.  The  negative -going  pulse  should  be  as  shown  in  Fig.  h-?«. 
If  it  is  not,  refer  to  Paragraph  8.3  for  corrective  action. 

3.  Check  Gutput  of  inverting  pulse  amplifier  no.  2  at  the  collector  of  transistor  Q7. 

It  should  be  a  positive -going  pulse  with  an  amplitude  of  9  volts  and  a  baseline  at 
ground,  as  shown  in  Fig.  8-26. 

4.  Check  output  of  flip-flop  no .  2  at  collector  of  transistor  Q8.  It  should  be  an 
asy metric  square  wave  with  levels  of  -5  and  -15  volts.  The  change  from  -15  to  -5 
volts  should  occur  In  time  with  the  leading  edge  of  the  pulses  at  pin  T.  The  change 
from  -5  to  -15  volts  should  occur  in  time  with  the  leading  edge  of  the  pulses  at  pin  a. 
If  the  signal  is  not  correct,  refer  to  Paragraph  8.4.3  for  corrective  action. 

5.  Check  emitter  of  transistor  Q10.  The  output  should  b»  identical  to  that  de¬ 
scribed  in  Step  4.  If  it  is  not,  transistor  Q10,  resistor  R40.  or  capacitor  C21  is 
faulty . 

G.  Check  output  of  blocking  oscillator  no.  2  at  pin  W.  It  should  be  a  positive  pulse 
of  35  (±3)  volts  amplitude  with  the  baseline  at  ground.  If  it  is  not,  the  blocking  os¬ 
cillator  is  faulty.  Refer  to  Paragraph  8.4.1  for  corrective  action. 

8.36  DATA  SYNC  DELAY  REPRODUCE 

The  Data  Sync  Delay  Reproduce  receives  pulses  from  the  Data  Sync  Reproduce  Ampli¬ 
fier  and  delays  each  until  the  corresponding  nine-bit  digital  word  is  stored  in  the  Data 
Storage  and  Gate  board.  A  schematic  diagram  of  the  Data  Sync  Delay  Reproduce  board 
is  in  Fig.  A-30:  a  block  diagram  is  in  Fig.  8-29.  If  there  Is  trouble  in  the  Data  Sync 
Delay  Reproduce  board,  do  the  procedures  In  Paragraph  8.2  and  proceed  as  follows: 

1 .  Check  supply  voltage  across  decoupling  capacitors.  It  should  bo  +13  (a!)  volts 
across  capacitor  C2  and  -19  (±1)  volts  across  capacitor  C7.  Check  voltage  across 
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OUTPUT  TO  OELAY  COMMAND  PULSE 


Q  -  TRANSISTOR  8-  BASE 
E  -  EMITTER  C-  COLLECTOR 


Fig.  8-29  Data  Sync  Delay  Reproduce  Block  Diagram 
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diode  CR1.  It  should  be  +1®  (t2)  volts.  If  the  voltages  are  not  correct,  check  de¬ 
coupling  networks  and  associated  Zener  diodes. 

2.  Check  input  at  pin  a.  It  should  be  a  negative  pulse  from  the  Data  Sync  Reproduce 
Amplifier  of  13  (-1)  volts  with  the  baseline  at  +13  volts,  aa  shown  in  Fig.  8-29. 

If  it  is  not,  refer  to  Paragraph  8. 3  for  corrective  action. 

3.  Check  output  of  inverting  pulse  amplifier  at  collector  of  translator  Q2.  The 
signal  should  be  as  shown  in  Fig.  8-29.  The  amplitude  of  this  positive  pulse  should 
be  14  (*3)  volts  with  the  baseline  at  ground.  If  the  signal  is  not  correct,  proceed 
as  follows: 

a.  Check  emitter  of  transistor  Ql.  Its  output  should  be  the  same  as  the  signal 
described  tn  Step  2.  If  it  is  not,  transistor  Ql  or  resistor  R3  or  .t2  is  faulty. 

If  these  components  are  functioning  properly,  the  trouble  is  in  transistor  Q2, 
resistor  R4  or  R5,  or  capacitor  Cl. 

4.  Check  output  signal  of  one-ahot  at  collector  of  transistor  Q4.  It  should  be  as 
shown  in  Fig.  8-29  for  the  emitter  of  transistor  Q5.  This  signal  should  have  one 
output  pulse  for  each  Input  pulae  at  pin  a.  The  upper  and  lower  limits  should  be 
-4  ( t2 )  volts  and  -16  (±2)  volts.  If  the  signal  is  not  correct,  the  one-ahot  is  faulty. 
Refer  to  Paragraph  8.4.  2  for  corrective  action. 

5.  Check  emitter  of  transistor  Q5.  Its  output  should  be  the  same  as  that  described 
in  Step  4  and  Fig.  8-29.  If  the  signal  is  not  correct,  transistor  Qr.  or  resistor 
R15  Is  faulty. 

8.37  DELAY  COMMAND  PULSE 

The  Delay  Command  Pulse  board  receives  the  signal  from  the  Data  Sync  Delay  Re¬ 
produce  board.  For  each  positive  pulse  input  it  generates  three  timing  pulse  outputs. 

A  schematic  diagram  of  the  Delay  Command  Pulse  board  is  in  Fig.  A-3i:  a  block 
diagram  is  in  Fig.  8-30.  If  there  Is  trouble  In  the  Delay  Command  Pulse  board,  do 
the  procedures  In  Paragraph  8.2  and  proceed  as  follows: 
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Fig.  8-30  Delay  Command  Kulse  Block  Diagram 


1.  Check  supply  voltage  across  decoupling  capacitors.  It  should  be  -19  (ii)  volts  j 

I 

across  capacitors  Cl  and  C3.  If  it  is  not,  check  decoupling  network*.  j 

—  I 

I 

t 

2.  Check  input  at  pin  li.  It  should  be  the  output  signal  from  Data  Sync  Delay  j 

i 

Reproduce,  as  shown  in  Fig.  6-3u,  U  it  is  not,  refer  to  Paragraph  8,3  for  cor-  ( 

rective  action. 

3.  Check  output  at  pin  f.  It  should  he  a  positive  pulse  of  28  (14)  volts  amplitude 
with  the  baseline  at  ground.  There  should  be  one  output  pulBe  for  each  Input  pulse 
at  pin  N,  If  thin  signal  is  not  correct,  the  first  blocking  oscillator  is  faulty. 

Refer  to  Paragraph  8.4.  2  for  corrective  actio:  . 

4.  Check  emitter  of  transistor  Q3.  Its  output  should  be  a  positive  pulse  with  an 
amplitude  of  9  (±1)  volts  and  the  baseline  at  -18  (±1)  volts.  If  it  Is  not,  transistor 
Q3,  capacitor  C6,  or  resistor  R7  or  R1I  is  faulty. 
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8,  Cheek  output  of  do toy  and  blocking  oscillator  at  pin  Z.  It  should  be  a  positive 
ptdss  of  £4  {-!)  volt*  amplitude  with  the  baseline  at  ground.  There  should  be  one 
poise  tor  each  input  at  pin  N.  If  this  signal  is  not  correct,  the  second  blocking 
oeoOlator  is  fealty.  Refer  to  Paragraph  8. 4. 1  for  corrective  action. 

0,  Check  emitter  of  transistor  Q6.  Its  output  should  be  a  positive  pulse  with  an 
amplttcde  of  15  (il)  volts  and  the  baseline  at  -18  (±1)  volte.  If  it  is  not,  transistor 
Q6,  capacitor  C9,  or  resistor  R15  or  Rl?  is  faulty. 

7,  Check  output  of  delay  and  blocking  oscillator  at  pin  T,  It  should  be  a  positive 
pulse  with  an  amplitude  of  13  (il)  volts  and  the  baseline  at  -19  (±1)  volts.  There 
should  be  one  output  pulse  for  each  pulse  appearing  at  pin  N.  If  this  signal  Is  not 
correct,  refer  to  Paragraph  8. 4. 1  for  corrective  action. 


8.38  DUTY  CYCLE  I 


The  Duty  Cycle  I  board  aerratee  the  composite  PAM  pulse  train  from  the  dtgttal-to- 
analog  converter  to  approximately  a  50  percent  duty  cycle.  A  schematic  diagram  of 
the  IXtty  Cycle  I  board  is  in  Fig.  A -32;  a  block  diagram  is  in  Fig.  8-31.  If  there  is 
trouble  in  die  Duty  Cycle  !  board,  do  the  procedures  in  Paragraph  8. 2  and  proceed  as 
follows: 

1.  Make  rare  that  variable  components  are  adjusted  according  to  the  procedures 

in  Volume  I,  Section  4. 

2.  Check  input  voltage  across  decoupling  capacitors.  It  should  be  -20  (±1)  volts 
across  capacitor  Cl,  +20  (il)  volts  across  capacitor  C22,  and  -10  (il)  volts 
across  capacitor  C«0.  If  it  is  net,  check  decoupling  networks. 

3.  Check  input  at  pin  b.  It  should  be  as  shown  in  Fig,  8-31.  If  It  ia  not,  refer 
to  Paragraph  8. 3  for  corrective  action. 

4.  Check  collector  of  transistor  Q2,  Its  output  should  be  a  typical  one-shot  wave¬ 
form,  1.  e. ,  negative  from  -3  (*2)  volts,  falling  exponentially  to  -17  (±2)  volts, 
and  then  rising  to  -3  (±2)  volts  with  a  rise  time  of  less  than  2  microseconds.  If  it 
is  not,  one-shot  no.  1  le  faulty.  Refer  to  Paragraph  8. 4. 2  for  corrective  action. 
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8.  Check  emitter  of  translator  Q3.  Its  output  should  be  as  shown  in  Fig.  8-31. 

It  It  is  not.  transistor  OS.  resistor  RIO  or  Rll,  or  capacitor  C7  is  faulty. 

8.  Check  emitter  of  transistor  Q4.  Its  output  should  be  the  same  as  the  output  of 
the  emitter  of  transistor  Q3,  as  shown  in  Fig.  8-31.  If  it  is  not,  transistor  Q4  or 
resistor  M2  is  faulty. 

7.  Check  collector  of  transistor  Q6.  Its  output  should  be  a  typical  one-shot  wave¬ 
form,  1.  e. ,  negative  from  -3  (±2)  volte,  foiling  exponentially  to  -17  (±2)  voltn,  and 
then  rising  to  -3  (12)  volts  with  a  rise  time  of  leee  than  2  microseconds.  If  it  is 
not,  one -shot  no.  2  is  faulty.  Refer  to  Paragraph  8.4. 2  for  corrective  action. 

8.  Check  emitter  of  translator  Q7.  It  should  be  as  shown  in  Fig.  8-31.  If  it  la 
not,  transistor  Q7,  resistor  R22  or  R23,  or  capacitor  CIS  is  faulty. 

9.  Check  oollector  of  transistor  Q8.  Its  output  should  be  as  shown  in  Fig.  8-31. 
Check  collector  of  transistor  Q9.  Its  output  should  be  the  complement  of  the  out¬ 
put  at  the  collector  cf  transistor  Q8.  If  it  is  not,  the  flip-flop  is  faulty.  Refer  to 
Paragraph  8. 4. 3  for  corrective  action. 

10.  Check  emitter  of  translator  Q10.  Its  output  should  be  the  same  as  that  of  the 
collector  of  transistor  Q8,  as  shown  in  Fig.  8-31.  If  it  is  not,  transistor  Q10  or 
resistor  R33  is  faulty. 

11.  Check  collector  of  transistor  Qll.  Its  output  should  bo  as  shown  in  Fig.  8-31. 
If  it  la  not,  transistor  Qll  or  resistor  R35  or  R36  is  faulty. 

12.  Check  transistors  Q12  and  Q13  by  checking  whether  the  input  at  pin  Z  (PAM 
signal  from  Datrac)  Is  present.  Then,  check  that  there  is  a  serrated  output  at  pin 
H.  If  the  serrated  output  is  not  present,  one  or  both  of  the  transistors  is  faulty. 

8.39  FRAME  SYNC  DELAY  REPRODUCE 

The  Frame  Sync  Delay  Reproduce  inserts  a  delay  in  the  composite  frame  sync.  A 
block  diagram  is  in  Fig.  8-32,  and  schematic  diagrams  are  in  Figs.  A -33  and  A-54. 

If  there  is  trouble  in  the  Frame  Sync  Delay  Reproduce,  proceed  as  follows: 
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1.  Makt  surf  that  variable  components  are  properly  adjusted  In  accordance  with 

Vohtme  1,  Section  4. 

S.  Check  supply  voltage  aoroee  decoupling  capacitor  C2.  It  should  be  20  (±1) 
volts.  If  It  is  not,  check  decoupling  networks. 

9.  Check  pin  Z  for  composite  sync  pulse  Input  as  shown  in  Fig.  8-32.  If  the 
lipnl  is  not  present  or  is  incorrect,  refer  to  Paragraph  8. 3  for  corrective  action. 

4.  Check  mCmA  of  diode  CHI.  ftg  ou^ait  should  be  a  positive  spike  that  is  in 
time  phase  with  Cm  leading  edge  of  the  input  at  pin  Z.  If  not,  the  trouble  le  in 
diode  CHI,  resistor  HI,  or  capacitor  Cl  or  C3. 

5.  Check  collector  of  transistor  Q4.  Its  output  should  be  a  waveform  that  starts 
at  +18  (±2)  volts  and  falls  off  exponentially  to  +4  (12)  volts.  It  should  be  in  time 
phase  with  the  leading  edge  of  the  sync  pulses  on  pin  Z,  and  it  should  rise  to 

+18  (12)  volte  with  a  rise  time  of  less  than  2  microseconds  after  a  nominal  delay 
of  5  to  10  microseconds.  If  not.  refer  to  Paragraph  8. 4, 2  for  corrective  action. 

6.  Check  voltage  of  terminal  2  of  transformer  Tl.  It  should  be  a  positive  blocking 
oscillator  pulse  jf  8  (12)  volts.  If  not,  refer  to  Paragraph  8. 4. 1  for  corrective 

iuuuu. 

7.  Check  emitter  of  translator  oe,  it*  output  should  be  a  positive  blocking 
oeoillator  pulse  of  8  (12)  volts.  If  not,  trouble  le  in  transistor  Q9,  resistor  R27, 
or  R28, 

8.  Check  the  emitter  of  transistor  Qll.  Its  output  should  be  as  shown  in  Fig.  8-32. 
If  not,  trouble  is  in  transistor  Qll,  resistor  R32  or  R33. 

9.  Check  signal  at  collector  of  transistor  Q12.  There  should  be  a  blocking 
oscillator  pulse  that  la  2  (±1)  volts  high.  If  not,  trouble  is  in  transistor  Q12,  re¬ 
sistor  RS8  or  K37,  or  capacitor  C21. 

10.  Check  the  signal  at  pin  f.  It  should  be  as  shown  in  Fig.  8-32.  If  not,  refer  to 
Paragraph  8. 4. 1  for  corrective  action. 
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8.40  ANALOG-TQ-DIOITAL  CONVERTER 

For  Instructions  on  Isolating  and  repairing  trouble  In  the  Analog-to-Digltal  Converter, 
refer  to  the  Epsco,  be. ,  manual  of  Instructions.  Schematic  diagrams  that  show 
Lockheed  modifications  to  the  Analog-to-Dlgital  Converter  are  in  Figs.  A-20  through 
A-24. 

Two  adjustments  are  available  on  the  sample  and  hold  circuitry  and  should  be  adjusted 
when  the  unit  is  first  placed  In  operation.  Data  pulses  should  be  present  on  terminal 
32  of  Chassis  no.  1.  Datrac  command  pulses  should  be  present  on  terminal  12  of 
Chassis  no.  2.  Sampled  output  should  be  present  on  terminal  25  of  Chassis  no.  2. 
Offset  adjustment  resistor  R7  of  Chassis  no.  1  and  gain  adjustment  resistor  R83  of 
Chassis  no.  2  are  set  so  that  -10  volts  on  the  data  Input  corresponds  to  0  volts  on  the 
sampled  output.  These  voltages  need  only  to  be  measured  within  10  percent  accuracy 
for  the  Initial  setting  up  of  the  sample  and  hold  circuitry. 

8.41  MAGNETIC  TAPE  RECORDER 

For  instructions  on  isolating  and  repairing  trouble  in  the  Magnetic  Tape  Recorder, 
refer  to  the  Ampex  Corp.  manual  of  Instructions. 

8.42  POWER  SUPPLY  INTERLOCK 

The  Power  Supply  Interlock  should  perform  with  a  minimum  of  matnteaanoe.  The 
relay  oonlacts  are  more  than  adequate  In  capacity  for  tbs  normal  loads  being  carried. 
However,  if  trouble  should  develop,  refer  to  Fig.  A-34  end  make  tbs  following  chocks: 

1.  Check  Inputs  for  appropriate  signal. 

2.  Check  relays  and  replace  any  that  are  faulty. 

3.  Check  wiring  continuity. 
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Motes:  (1)  Filament  Voltage  la  6.3  $M>.5)  vdc. 

(2)  Voltage*  are  with  Jumper  between  J  2  and  J3  removed. 
(9)  Voltage*  are  with  all  Interconnecting  oo-axiai  cobles 
removed  and  only  g,  s  (*6%)  vdc,  -IN)  4*1%)  vdo.  and 
+  900  4*1%)  vdo  applied. 
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Section  10 

wiring 


The  wiling  scheme  for  the  FAM-FM  Ground  Station  (Vibration  and  G-A)  la  illustrated 
in  Figs.  10-1  through  10-6  in  block  diagram  form.  Reoord  and  reproduce  modes  of 
operation  are  included  in  these  wiring  diagrams. 

Differences  in  the  Magnetic  Tape  Reoorders  required  modifications  in  the  wiring  sys¬ 
tem  for  squelch  and  analog  control  in  the  Ground  Stations. 

Magnetic  Tape  Recorder  B/N  101  (used  In  Hawaii  Station)  did  not  have  a  Jack  J4  on  the 
back  of  the  blower  rack.  Cable  44976-03B  was,  therefore,  wired  into  fanning  strip 
no.  2  in  the  analog  record  rack.  Since  there  was  no  internal  wiring  between  the  blower 
rack  and  any  of  the  analog  racks ,  primary  power  was  supplied  to  the  three  analog 
racks  by  a  3-wire  cable  wired  into  the  blower  rack  and  terminating  in  the  analog 

rack  with  a  4-pin  Continental  connector. 

In  adding  the  +  120-vdc  squelch  wire  from  the  Magnetic  Tape  Recorder  control  box  to 
the  analog  racks,  several  methods  were  used. 

(1)  In  Magnetic  Tape  Recorders  S/N  102  (Vandenberg)  and  8/N  103  (AMR),  a 
5-pin  female  connector,  Jack  J5,  was  mounted  on  the  control  box  end  pin 
A  uf  this  connector  was  wired  to  switched  + 120  vde.  A  single  wire  cable 
was  installed  from  jack  J5  to  fanning  strip  no.  2  terminal  no.  9  in  all 
analog  racks. 

(2)  In  Magnetic  Tape  Recorder  S/N  101  (Hawaii),  Jack  J5  was  added  to  the 
control  box  as  in  S/N  102  and  S/N  103.  However,  Jack  J5  was  not  used 
for  S/N  101.  Instead,  a  Jumper  was  installed  from  pin  A  of  Jack  J5  to 
previously  blank  pin  B  of  Jack  J3  and  a  new  wire  waa  Installed  from 
Jack  J5  to  fanning  strip  no.  2  terminal  no.  6  in  all  analog  racks. 
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(3)  Id  Magnetic  Tape  Raoordara  8/N  104  (BTC)  and  S/N  106  (Data Reduction), 
jaok  J5  waa  not  installed  in  the  control  box.  The  awitched  4- 120  vdc  for 
equal ch  waa  wired  directly  to  pin  B  of  Jaok  J3  and  a  new  wire  lnatalled 
in  Cable  44975-03B.  Plug  P6  of  the  same  cable  waa  changed  from  a 
4-pin  to  a  5-pin  connector  and  the  new  wire  connected  to  pin  E  of  plug  P4 
and  pin  B  of  plug  P3.  All  other  wires  in  this  cable  kept  their  original 
pin  designation.  Jaok  J4  on  the  back  of  the  blower  rack  was  changed  from 
a  4-pin  male  to  a  5-pin  male  and  pin  E  of  this  connector  was  tied  to 
terminal  no.  6  of  fanning  atrip  no.  2  in  bottom  analog  rack.  All  other 
wires  of  jaok  J4  kept  their  original  pin  designations. 
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Fig.  10-2  Vibration  Demultiplexer,  Wiring 
Block  Diagram,  Record  and 
Reproduce  modes. 
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Q-A  Demoltiplcxar  Wiring  Block  Diagram 
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Fig.  A-l  Receiver  Modifications 
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PARTS  LIST 


Reference  Design* lion 

Partite. 

Vender  or  MIL  Soso. 

Cl 

DM15-080 

81  Menoo,  Loe  Angeles, 

r«Hf 

C2,  3 

PM2W1 

Cornell-Dubllle?, 

Plainfield,  N.J. 

CR1  thru  6 

1N132S 

Hoffman  Electronics, 

Loo  Angelas,  Call! 

CR7 

SV126 

Traneitron,  Wakefield, 

Maaa. 

VI.  2,  3 

6201  5  Star 

G.  E.  ,  Owensboro,  Ky. 

J1 thru  Jfl 

BNC 

Amphenol,  Chicago,  Ill. 

R1 

RLS-2 

Dale  Products,  Columbus, 
Nebraska 

R2 

43C2-20K 

Clarostat  Mfg.  Co. , 

Dover,  N.H. 

R3.  8.  13 

RLS-2A 

Dale  Products,  Columbus, 
Nebraska 

R4,  10.  11,  15,  22 

RC20GF 

Allen-Bradley,  Milwaukee, 
Wise. 

R5 

RC20OF 

Allen-Bradley,  Milwaukee,  Wise. 

R8 

RC20OF 

Allen-Bradley, Milwaukee,  Wise. 

R7 

RC20GF 

Allen-Bradley,  Milwaukee, 
Wlso. 

R9,  17,  21 

RC20OF 

Allen-Bradley,  Milwaukee, 
Wise. 

R12,  18 

DCMH-1/2 

Dale  Products,  Columbus, 

Nebr. 

R14 

RLS-2A 

Dale  Products,  Columbus, 

Nebr. 

R16 

RC20GF 

Allen-Bradley,  Milwaukee, 
Wise. 

R19,  20 

RC20GF 

Allen-Bradley,  Milwaukee, 
Wise. 

R23 

RLS-5 

Dale  Products,  Columbus, 

Nebr. 

Fig.  A-2  DC  Amplifier 
A-8 
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PARTS  LIST 


S 

s 

IT 

8.  14 
10 


DM16 

11  Menoo,  Loa  Angalen  Calif. 

14QEUS 

Johnaoa  Co.  Waaeoa,  Minn. 

6468  6  Star 

0.  S.  Owanaboro,  Rfr. 

T1884 

Freed  Tranaformer  Co. , 

Brooklyn,  N.  T. 

4570 

Admiral,  Palo  Alto,  Calif. 

MS85043-111 

MIL-R-11 

MB35043-109 

MIL-R-11 

MB36043-103 

MIL-R-11 

MB35043-105 

MIL -R- 11 

Serlea  A  with  abaft 

look  and  Blotted 

abaft  Hallpot 

M836043-681 

MIL-R-11 

M836043-87S 

MIL-R-11 

M835043-130 

MIL-R-11 

13F160 

Chmlte  Mfg.  Co. ,  Skokie,  Ill. 

M835043-683 

MIL-R-11 

JLU 

Allen-Bradley,  Milwaukee, 

Wlaoonaln 

MSS5043-104 

MIL-R-11 

MS35043-611 

MIL-R-11 

>  300  1 
-1 30 1 


6.3  V  < 
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PARTS  LIST 


Reference  Designation  Part  No, 

Cl,  2 

PM2W1 

C3 

DM1S-680 

C4 

PM4W1 

CR1  thru  6 

ZA-60-2 

VI,  2 

6201 

V3 

6463 

Rl,  19 

MS35043-139 

R2 

MS35043-87 

R3 

RLS-2 

R4,  6,  11 

RLS-2A 

R5 

43C2-20K 

R7 

MS35043-118 

R8 

JLUS021 

R9 

MS3S043-93 

RIO,  14 

MSS5043-146 

R12,  13,  21,  23 

MB35043-111 

R15 

RLS-5 

R16 

13F150 

Ri7  k' 

MS35043-87 

Ri8  Jr\ 

JLU2S31 

Cornell-Dubiller, 

Plainfield,  N.J. 

El  Menoo,  Los  Angeles,  Calif. 
Cornell-Dubilier, 

Plainfield,  N.J. 

Hoffman  Eleotronios, 

Loa  Angeles,  Calif. 

General  Electric, 

Owensboro,  Ky. 

General  Eleotrio, 

Owensboro,  Ky. 

MIL-R-11 

MIL-R-11 

Dale  Produota,  Columbus, 
Nebr. 

Dale  Produota,  Columbus, 
Nebr. 

Clsrostat  Mfg.  Co. ,  Dover, 
N.H. 

MIL-R-11 

Allen-Brodley,  Milwaukee, 
Wise. 

MIL-R-11 

MIL-R-11 

MIL-R-11 

Dale  Products,  Columbus, 
Nebr. 

Ohmite,  Chicago,  m. 
MIL-R-11 

Allen-Bradley,  Milwaukee, 
Wise. 
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PARTS  LIST 


Part  No.  Vendor  or  MIL  Spec 


E1-205-D 

BM192122K 

1N328 

flV-9 

MS35043-151 

MS33043-136 

1423 

1410-8 

882SK5 

LG-1094/U 

MPR  4P-LR 


Electron  Products  Co. ,  Pasadena,  Calif. 

El  Menco,  Willi  mantle,  Conn. 

Pacific  Semiconductor,  Culver  City,  Calif. 
Transltron,  Wakefield,  Mass. 

MIL-R-11 

MIL-R-11  | 

Litton  Ind. ,  Los  Angeles,  Calif.  j 
Herman  H.  Smith  Co.,  Brooklyn,  N.Y. 
Cutler-Hammer  Controls,  Milwaukee,  Wise. 
Tru  Connector  Co. ,  Lynn,  Maas. 

Winchester  Electronics,  Norwalk,  Conn. 
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PARTS  LIST 


Part  No. 

Cl,  2 

121P18691R5S2 

C3 

96P10592S2 

C4 

96P10392S2 

CR1 

1M175Z 

CR2 

1N457 

CR3  thru  B 

SV905 

CR7 

SV910 

VI 

8201,  5  Star 

V2 

6463 

KL 

GHE-1C-2500D 

K2 

KRP11D 

R1 

RC20GF 

R2 

JLU 

R3 

RC20GF 

R4 

RC20OF222J 

Rfi,  10,  15,  21 

RC20GF102J 

R6 

RL82 

R7,  9 

RLS2A 

R8 

43C2-20K 

Rll 

RC20GF753J 

R12 

RLS10 

R13 

43C2-1000 

R14 

RC20GF243J 

R16 

DCMH-1/2 

R17,  20 

RC30GF680J 

R18 

JLU2521 

R19 

RLS10 

R22 

RC20GF103J 

Vendor  or  MIL  &*Q. 

Sprague  Electric  Co. , 

North  Adams,  Mass. 

Sprague  Electric  Co. , 

North  Adams,  Mass. 

Sprague  Electric  Co. , 

North  Adams,  Mass. 

Motorola,  Phoenix,  Arizona 
Hughes  Products, 

Los  Angeles,  Calif. 

Transition,  Wakefield,  Mass. 
Transition,  Wakefield,  Mass. 
General  Electric,  Owensboro, 
Ky. 

General  Electric,  Owensboro, 
Ky. 

Advance,  Elgin,  Ill. 

Potter  and  Brumfield, 

Princeton,  Ind. 

MIL-R-11C 

Allcn-Bradley,  Milwaukee, 

Wisconsin 

JHL-R-11C 

MIL-R-11C 

MEL-R-11C 

Dale  Products,  Columbus, 

Nebraska 

Dale  Products,  Columbus, 

Nebraska 

Clarostat  Mfg.  Co. , Dover,  N.  H. 
MIL-R-11C 

Dale  Products,  Columbus, 
Nebraska 

Clarostat  M2g.  Co. ,  Dover,  N.  H. 
MIL-R-11C 

Dale  Products,  Columbus, 

Nebraska 

MEL-R-11C 

Allen-Bradley  Co. ,  Milwaukee, 
Wlsoonsla 

Dale  Produota,  Columbus, 

Nebraska 

MIL-R-11C 


Dmr,  N.  H. 


Milwaukee, 


16-VOLT  REGULATOR 


Fig.  A-7  Reference  Amplifier  (Sheet  2  of  3) 
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PARTS  LIST 


Reference  Designation 

Part  No. 

Vendor  or  MIL  Spec 

Rl,  4 

RC07GF103J 
(1/4  W.  5%) 

MIL-R-11 

R2,  S 

RC07GF822J 

MILr-R-11 

R3,  6 

(1/4  W,  5%) 
RC07GF122J 

MIL-R-11 

(1/4  W.  5%) 

FI.  2: 

CaUf. 

0. 250  kc  board 

FM04-1024 

Ferro-Magnetics  Co. . 

Palo  Alto, 

1  kc  board 

FM04-1028 

Ferro- Magnetics  Co. , 

Palo  Alto, 

Calif. 

2  kc  board 

FM04-1029 

Ferro-Magnetics  Co. , 

Palo  Alto, 

Calif. 

LMSD-288025 
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Fig.  A-19  Filter  Board 
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PARTS  LIST 


lUtewnct  Designation  Part  No.  Vendor 


Cl,  2,  4,  6, 

9  thru  15 

DM15 

El  Menco,  Los  Angeles,  Calif. 

CS,  5.  7,  8 

P123ZP 

Aerovox  Corp. ,  New  Bedford, 

Mass. 

VI,  10 

6414  5  Star 

G.  E.  Owensboro,  Ky. 

V2,  7.  8,  11, 

12 

5965  5  Star 

G.  E.  Owensboro,  Ky. 

V3 

6350  5  Star 

G.  E.  Owensboro,  Ky. 

V4,  5,  9 

5726  5  Star 

G.  E.  Owensboro,  Ky. 

V8 

5687  5  Star 

G.  E.  Owensboro,  Ky. 

Rl.  2 

RIOOPOKAE 

Epsco,  Boston,  Mass. 

R3 

6336-15 

Fpsco,  Boston,  Mass. 

R4 

R5,  11,  12,  13,  18,  22,  25, 

27  thru  31,  40,  42,  44,  46,  55, 

R500POKAE 

Epsco,  Boston,  Mass. 

64  thru  67 

RC20GF 

Allen-Bradley,  Milwaukee,  Wise. 

R6 

R7P50KCFL 

Epsco,  Boston,  Mass. 

R7,  60 

RV2NAXSD252A 

Chicago  Telephone  Supply,  Elkhart, 
Ind. 

R8,  9,  41,  45 

CP-1 

Aerovox  Corp. ,  New  Bedford, 

Mass. 

RIO,  15,  43, 

56 

NASO 

Continental- Wirt,  Phila. ,  Penna. 

R14.  20.  21, 

49,  52 

NA25 

Continental-Wirt,  Phila.,  Penna. 

R18,  17 

NA20 

Continental- Wirt,  Phila.,  Penna. 

R19,  32,  33, 

38,  39 

RS10 

Dale  Products,  Inc.,  Columbus, 
Nebr. 

R23,  26 

RC42GF 

Allen-Bradley,  Milwaukee,  Wise, 

R24 

SS10W 

Sage  Electronics  Corp.,  Rochester, 
N.  Y. 

R34  thru  37 

dcsh£ 

Dale  Products,  Columbus,  Nebr. 

R47,  48,  50, 

51,  53,  54 

NA15 

Continental-Wirt,  Phila.,  Penna. 

R57 

611-T1 

Epsco,  Boston,  Mass. 

R58 

6336-2 

Epsco,  Boston,  Mass. 

R59 

611-B3 

Epsco,  Boston,  Mass. 

R61 

R15POOKCEL 

Epsco,  Boston,  Mass. 

R63 

R25O0L 

Mallory  &  Co. ,  Inc. ,  Indianapolis, 
Ind. 

Tl,  2 

PE2225 

PulBe  Engineering,  Santa  Clara, 
Calif. 
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Fig.  A -21  Dttrao  Modifications  -  Chassis  Three 
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